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INDEX BY FUNCTION 
HESERIES MELPS 7700 16-BIT MICROCOMPUTERS (Continue) 


™ 
16K-Byte Mask-Prog. ROM, 512-Byte RAM 


M37705M2-XXXSP  */ 16-Bit Timer, 8-Bit A-D Converter C,Si |5410%| 30 64P4B 
UART 
16K-Byte Mask-Prog. ROM, 512-Byte RAM 
M37705M2AXXXSP %*| 16-Bit Timer, 8-Bit A-D Converter C, Si |5+10% 250 64P4B 
UART 
2—162 
External ROM, 512-Byte RAM ; 
M37705S1SP *| 16-Bit Timer, 8-Bit A-D Converter C, Si |5+10%| 30 64P4B 
UART 
External ROM, 512-Byte RAM 
M37705S1ASP *| 16-Bit Timer, 8-Bit A-D Converter C, Si |5+10% 250 | 16 64P4B 
UART 
C, Si 
C, Si 









Electrical characteristics 


Supply | Typ | Min | Max 
voltage |power'| cycle | fre- 






Circuit function and organization 


















~_—_ 


M37795SJ * 





External ROM, RAM . 
16-Bit Timer, 10-Bit A-D Converter 5+10% 84P0 
Three PWM, Serial I/O 
2—184 
External ROM, RAM 
M37795STJ *! 16-Bit Timer, 10-Bit A-D Converter 5+10%| 50 |} 500 84P0 
_| Three PWM, Serial |/O 


* > New product 
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_ DEVELOPMENT: SUPPORT SYSTEMS 


Development support systems for series MELPS 7700 (1) 








MELPS7700 
type name 










M37700M2-XXXFP 
M37700M2AXXXFP 
M37700M4-XXXFP 
M37700M4AXXXFP 
M37700SFP 
M37700SAFP 
M37700S4FP 
M37700S4AFP 
M37700E2-XXXFP 
M37700E2AXXXFP 
M37700E2FS 
M37700E2AFS 
M37700E4-XXXFP 
M37700E4AXXXFP 
M37700E4FS 
M37700E4AFS 






M37701M2-XXXSP 
M37701M2AXXXSP 
M37701SSP 
M37701SASP 
M37701M4-XXXSP 
M37701M4AXXXSP 
M37701S4SP 
M37701S4ASP 
M37701E2-XXXSP 
M37701 E2AXXXSP 
M37701E4-XXXSP 
M37701E4AXXXSP 


Development 


MELPS7700 
type name 


M37704M2-XXXFP 
M37704M2AXXXFP 
M37704S1FP 
M37704S1AFP 
M37704E2-XXXFP 
M37704E2AXXXFP 
M37704E2FS 
M37704E2AFS 


M37705M2-XXXSP 
M37705M2AXXXSP 
M37705S1SP 
M37705S1ASP 
M37705E2-XXXSP 
M37705E2AXXXSP 
M37705E2SS 
M37705E2ASS 


M37795SJ 
M37795STJ 


M37796E4-XXXJ 
M37796E4TXXXJ 


* > New products 

















Debug system 


Assembler | Compiler PC4000E base 


Emulation 
mon 


Debugger 
oar 


RASM77 ii PC4000E 


supports systems for series MELPS 7700 (2) 


























M37700T- 
RTT 

























M37700TX- 
POD 
(Corresponds 
to muicroproc- 

essor mode) 















ee “aaa system 
| PemONDE base = base 


M37700T-POD 

(Corresponds 
to single-chip 
ee 


Assembler | Compiler 
Emulation 
mmon 


Deb er 
ree oar 


PC4000E M37700T- 
RTT 
RASM77 C77 


M37700TX- 
POD 
(Corresponds 
to microproc- 

essor mode) 
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PC4816 base For evaluate 


RTT77 PC4816* M37700T SDB77* 






M37700T- 
POD 
(Corresponds M37700E2FS 
to single-chip M37700E2AFS 
node) M37700E4FS 
M37700E4AFS 





M37701E2-XXXSP 


M37701E4-XXXSP 


PC4816 base For evaluate 
=. 


M37704E2FS 
M37704E2AFS 





M37704T-** 
HPD 


Pc4816*% 


M37705E2SS 
M37705E2ASS 


M37795T-** 
HPD 


M37796T-** 
HPD 









M37701E2AXXXSP 


M37701E4AXXXSP 
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ORDERING INFORMATION 





FUNCTION CODE 


Mitsubishi integrated circuit may be ordered using the following simplified alphanumeric type-codes which define the func- 
tion of the IC/LSIs and the package style. 


For Mitsubishi Original Products 
Example: M 3 77 00 E 4 - 001 FP 


M : Mitsubishi integrated prefix 
3 : Represent an original single-chip microcomputer 
Series designation using 2 digits 
Circuit function identification code using 2 digits 
Memory identification code using a digit 

E : PROM P : Piggyback 

M : Mask ROM S : External ROM 

N : Mask ROM+EEPROM 
Memory size identification code using a digit 
Normally, using hyphen. 
When electrical characteristic, or division of quality identification 
code using alphanumeric character. 
T : For automobile, industrial equipment 
Mask ROM number 
Package style 

J: PLCC, or SOJ package 

FP : Molded plastic flat package 

FS : Ceramic flat package 

SP: Molded plastic shrink package 

SS : Ceramic shrink package 


PACKAGE CODE 


Package style may be specified by using the following simplified alphanumeric code. 


Example:42 P 4 B 
Number of pins 
Package structure 
K : Glass-sealed ceramic 
P : Molded plastic 
S : Metal-sealed ceramic 
Package outline 


0 : PLCC, SOJ 4 : DIP 
1 : DIP 6 : QFP 
2 : SOP 


Secondary outline code 


Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. 
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PACKAGE OUTLINES 


TYPE 68PO 68-PIN MOLDED PLASTIC LEADED CHIP CARRIER , Dimension in mm 


25. 27 MAX 
25. 02 MIN 


24. 33 MAX 
24.13 MIN 


24. 33 MAX 


24.13 MIN 
25. 27 MAX 
25. 02 MIN 


0.81 MAX 
0.66 MIN 


0.65 MIN 


23. 62 MAX 
22. 62 MIN 22. 62 MIN 


TYPE 80D0 80PIN CERAMIC LCC mensional ine 
21.040. 2 


ee Ee eS 
SAANINONONNONON 


- A 2.) 8 S62 ee 


0. 80=£0. 05 ; 
| 12.00.15 | 
18. 40-0. 15 


3. 32MAX 









MITSUBISHI 


1—10 ‘a ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


PACKAGE OUTLINES 


TYPE 84PO 84-PIN MOLDED PLASTIC LEADED CHIP CARRIER Dimension in mm 
30. 35 MAX 


29.21 MIN 


xs 
4 
= 
= 
roa) 
N 


29. 21 MIN 
30. 35 MAX 
30. 10 MIN 


0.81 MAX 
0. 66 MIN 


0. 65 MIN 


= f Mae 28.7 MAX 
27.7 MIN 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 





b) those that are characteristics of the memory. Erasure ER 
The letter symbols so far proposed for memory circuits Output enable G \ 
are listed in sub-clauses 3.1 and 3.2 below. Program PR 
All subscripts A should be in lower-case. Data output Q 

Read R 
3.1. Timing Requirements Row address | RA 
The letter symbols for the timing requirements of semi- Row address strobe RAS 
. Refresh RF 
conductor memories are as follows: 
Read/Write RW 
Term Subscript Chip select S 
Cycle time ; Write (write enable) W 
. . ; Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex- 
Time interval between two signal events d SHanlé CAS chanlanewbe ueea 
Fall time f, 2 It should be noted, when further letter symbols are chosen, that the sub- 
Hold time h script should not end with H, K, V, X, or Z (See clause 5) 

r : 3 If the same terminal, or signal, can be used for two functions (for example 
Precharging time pc Data input/output, Read/Write) the waveform should be labelled with the 
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters 
Recovery time rec should include only that part of the subscript relevant to the parameter 
Refresh time interval rf 5. SUBS 
Setup time i” CRIPTS C AND E 
ee ene ee ; (For Transition of Signal) 

Pulse duration (width) Ww The following symbols are used to represent the level or 
state of a signal : 

3.2. Characteristics Transition of signal Subscript 
The letter symbols for the dynamic characteristics of High logic level H 
semiconductor memories are as follows : Low logic level L 

is Valid steady-state level (either low or high) V 
Characteristic Subscript : at a , 
Unknown, changing, or ‘don’t care’ level xX 
Access time a High-impedance state of three-state output Z 
Disable time dis ; ; ae ; 

. The direction of transition is expressed by two letters, 
Enable time en ; ; 

; ; the direction being from the state represented by the 
Propagation time P ; 

. first letter to that represented by the second letter, with 
Recovery time rec iclatonbe: b 
nad e letters being as given above. 
Transition time T ; gas 9 ; 

ake When no misunderstanding can occur, the first letter 

Valid time Vv 


may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 


Note Recovery time for use as a characteristic is limited to sense recovery time 


4. SUBSCRIPTS B: AND D 


: : Subscript 
(For Signal Name or Terminal Name) 
The letter symbols for the signal name or the name of Examples Full Abbreviated 
the terminal are as given below. Transition from high level to 
All subscripts B and D should be in upper-case. low level HL L 
, Transition from low level to | 
Signal or terminal Subscript . high level LH H 
é Transition from unknown or 
Address A changing state to valid state XV V 
Clock C Transition from valid state to 
Column address CA unknown or changing state VX xX 
Column address strobe CAS Transition from high-impedance 
Data input D state to valid state ZV V 
. Note Since subscripts C and E may be abbreviated, and since subscripts B and D 
Data input/output DQ may contain an indeterminate number of letters, it 1s necessary to put the 
Chip enable E restriction on the subscripts B and D that they should not end with H, L, 


V,X, or Z, so as to avoid possible confusion 
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SYMBOLOGY 





FOR DIGITAL INTEGRATED CIRCUITS 











| New symbol |Former symbol Parameter—definition 
C, Input capacitance 
Co Output capacitance 
Cio input/output terminal capacitance 
Ci( 4g) Input capacitance of clock input 
f Frequency 
fig) Clock frequency 
| Current—the current into an integrated circuit terminal is defined as a positive value and the current out ota terminal is defined as a negative value 
BB Supply current from Veg 
I BB(AV) Average supply current from Veg 
loo Supply current from Vec 
ICC(AV) Avarage supply current from Vcc | 
loc( Pp) Power down supply current from Vcc 
lop Supply current from Vop 
lDD( AV) Average supply current from Vop 
IGG Supply current from Veg 
IGG(AV) Average supply current from Vog 
l, Input current 





lH High level input current—the value of the input current when Voy Is applied to the input considered 

Vie Low level input current—the value of the input current when Vo, 's applied to the input considered 

lOH High level output current—the value of the output current when Voy |s applied to the output considered 

lou Low level output current—the value of the output current when Vo, 1's applied to the output considered 

loz Off state (high impedance state) Output current—the current into an output having a three-state capability with input condition so applied that 


it will establish according to the product specification, the off (high-rmpedance) state at the output 





lOZH Off state (high impedance state) output current, with high level voltage applied to the output 
foz- Off-state (high impedance state) output current, with low-level voltage applied to the output 
los Short-circuit Output current 
Iss Supply current from Veg 
Pd Power dissipation 
New Number of erase/write cycles 
Nra Number of read access unrefreshed 
R, Input resistance 
Ri External load resistance 
Rorr Off state output resistance 
Ron On-state output resistance 
ta Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 
ta (A) ta(ab) Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output 
ta(Cas) Column address strobe access time 
ta (E) ta (CE) Chip enable access time 
tag) ta (oe) Output enable access time 
ta (PR) Data access time after program . 
ta (RAS) Row address strobe access time 
| ta (Ss) ta(cs) Chip select access time 
to Cycle time 
tor tc(Rb) Read cycle time—the time interval between the start of a read cylce and the start of the next cycle 
torr to (REF) Refresh cycle time—the hime interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 
tcpc tc(pa) Page-mode cycle time 
tcRMW teo( RMR) Read-modify-write cycle time—the time interval between the start of a cycle in which the memory !s read and new data !s entered, and the start of 


the next cycle 


tow tc(wr~) Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 
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SYMBOLOGY 





New symbol Former symbol 





tsu(p) 
tsu(D-€) 
tsu(p-w) 
tsu(e) 
tsu(e-P) 
Usu(G-E) 
tsu(p-E) 
tsu(PD) 
tsu(R) 
tsu(R-CAS) 


tsu (Ra-cas) 





tsu(pa) 
tsu(DA-CE) 
tsu(Da-wr° 
tsu (ce) 
tsu(ce-P) 
tsu(0E-CE) 
tsu(P-ce) 


tsu(RpD) 


tsu (RA-CAS) 





Data-in setup time 


Chip enable setup time before data-in 


Write setup time before data-in 


Chip enable setup time 


Precharge setup time before chip enable 
Chip enable setup time before output enable 


Chip enable setup time before precharge 


Power-down setup time 


Read setup time 


Column address strobe setup time before read 


Parameter—definition 





Column address strobe setup time before row address 








tsu(s) tsu(cs) Chip select setup time 
tsu(s-w) tsu(cs-wr) Write setup time before chip select 
tsu(w) tsu(wr”) Write setup time 
tTHL High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output !s 
going to the low (high) tevel and when a specified input signal 1s applied through a specified network and 
tTLH Low-level to high level transition time the output is loaded by another specified network 
tvc(a) tdv ap) Data valid time after address 
tv(e) ldv ce) Data valid time after chip enable 
ty (E)PR ty (CE)PR Data valid time after chip enable in program mode 
tv(a) tv (oc) Data valid time after output enable 
tv (pr) Data valid time after program 
tv(s) tyes) Data valid time after chip select 
te Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 
tw (E) tw (CE) Chip enable pulse width 
tw (EH) tw(CeEH) Chip enable high pulse width 
tw(eL) tw(eL) Chip enable low pulse width 
tw (PR) Program pulse width 
twor) tw (RD) Read pulse width 
tw (Ss) tw (CS) Chip select pulse width 
twow) twcwr) Wrtie pulse width 
twig) Clock pulse width 
Ta Ambient temperature 
Topr Operating temperature 
Tstg Sigiaad temperature 
VBB Vpp supply voltage 
Voc Vcc supply voltage 
Vop Vop supply voltage 
Vac Voc supply voltage 
V1 Input voltage 
VIH High-level input voltage—the value of the permitted high-state voltage at the input 
Vie Low-level input voltage—the value of the permitted low-state voltage at the input 
Vo Output voltage 
VOH High-level output voltage—the value of the guaranteed high-state voltage range at the output 
VoL Low-level output voltage—the value of the guaranteed low-state voltage range at the output 
Vss Vss supply voltage 
eT: MITSUBISHI | 
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STAGE MARKET SALES 


MARKET SURVEY 
Le STRATEGIC PRODUCT PLAN 




















DESIGN/ 
PRODUCTION 
ENGINEERING 







QUALITY 
ASSURANCE 


PRODUCTION 
CONTROL 







MANUFACTURING 







® N/D OPM 


ees 
HARACTERIZATION 


Q) 
_ eo QUALIFICATION (1) 
aaa 


DECISION OF PRE-PRODUCTION 


PREPARATION 
OF SPECS./ 
INSTRUCTION 


PRE-PRODUCTION 


DESIGN/DEVELOPMENT 











QUALIFICATION (2) 


DECISION OF MASS PRODUCTION 





MATERIAL 
INCOMING 
TEST 


: WAFFR FAB. —_ 
ASSEMBLY | 
INSPECTION | 
QUALITY 


ASSURANCE TEST 








MASS PRODUCTION 
IN-PROCESS 
QUALITY CONTROL 


\ 


QUALITY DATA/FAILURE ANALYSIS/QUALITY 
IMPROVEMENT 


ENVIRONMENTAL CONTROL 


SS DO EN ON RO eee ES 


INVENTORY ' 


ORDER INVENTORY 
e— CONTROL 
wen i 


DELIVERY 





™“-——— EQUIPMENT AND CALIBRATION CONTROL 


28 TRAINING 


ss SMALL GROUP ACTIVITY (QC CIRCLE) 


Y) 

aa 

a] To 

5 @ 

— 
co ® 
= - ; FAILURE ANALYSIS/CORRECTIVE ACTION Cl 
y e 
o FAILURE ANALYSIS REPORT GENERATION 
“Wl 
i 

ew FLOW OF PRODUCT ——>= FLOW OF INFORMATION 


Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM : 
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QUALITY ASSURANCE AND RELIABILITY TESTING 





3 RELIABILITY TEST RESULTS ature operation life and high temperature storage life test 


The reliability test results for Mitsubishi Single-chip 16-bit and the results of the environment tests of thermal stress, 
Microcomputers are shown in Table 2. high temperature/high humidity and pressure cooker test 
Table 2 shows the result of endurance tests of high temper- _ for the single-chip 16-bit Microcomputer. 


Table 2 ENDURANCE and ENVIRONMENTAL TEST RESULTS 
Samples 
High Temperature nel isipaapileiatetaiae : 
Operation Life MELPS 7700 M37700M2-XXXFP 125C 7V 6 

M37700M4-XXXFP 

High Temperature td dla i : 

Storage Life MELPS 7700 M37700M2-XXXFP 150°C 28 228000 
M37700M4-XXXFP 
2 oe Oe ai 








Device Hours | Number of 
(Hours) Failures 





N 
26 266000 
2 









Low Temperature MOLI OE TATE 
ee ae MELPS 7700 M37700M2-XXXFP —55C 66000 
g M37700M4-XXXFP 
| M37700E4-XXXFP | 5C85%RH_ 5. 5V 228000 
Hee Urea ai MELPS 7700 M37700M2-XXXFP 
re es M37700M4-XXXFP 85°C 85%RH 22000 
: Sa Number of 
Dine M37700E4-XXXFP 
sie MELPS 7700 M37700M2-XXXFP 121C 100% 176 
saad M37700M4-XXXFP 


Test Series Type Number Test Condition pe Number OF ralluies 
¥P Samples | 10Cycles | 100Cycles|500Cycles 
Temperature M37700M2-XXXFP —65°C 30min 
















Number of Failures 
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QUALITY ASSURANCE AND RELIABILITY TESTING 





(3) - Destructive Failure by Electrical Overstress 
Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are examples of failure 
observed by surge voltage test. The trace of destruc- 
tion is verified as the aluminum bridge by X-ray micro 
analysis. 


a ton tt AR 


TRACES O 
MA AE ray TMNT ag ae tithes F 
SURGE 
N : 
wes ve DESTRUCTION 
AY x: 
yf : 
ish ‘ ‘ 


na WA ast Hy 
sew 8 


ogee 5 


\ 
Wi SAAS ran 


aA gt on tog 





destructive spot 


(4) Aluminum Electromigration 
Figure 11 shows an open circuit of aluminum metalliza- 
tion in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. 





Voids and hillocks formation 
by Aluminum electromigration 


Fig.11 


5 SUMMARY 

The Mitsubishi quality assurance system and examples of 

reliability control have been discussed. The customer's in- 

terests and requirements for high reliability IC & LS! are in- 
creasing significantly. To satisfy customer's expectancy. 

Mitsubishi as an IC vendor, would like to make perpetual 

efforts in the following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 





1-24 


MITSUBISHI 
ELECTRIC 


a 


MITSUBISHI MICROCOMPUTERS 


M37700M2-XXXFP,M37700M2AXXXFP 


M37700SFP,M37700SAFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
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PIN DESCRIPTION - 


Power supply 
Vss 
CNVss CNVsgzg input 


Xin Clock input 
Xout Clock output 
Enable output 


Bus width selection input 


Supply 5 V+10% to Vcc and 0 V to Vss. 


le 
2) 
2 


This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 





To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required 
time. 


These are 1/O pins of internal clock generating circuit Connect a ceramic or quartz crystal resonator be- 


tween Xin and Xour When an external clock is used, the clock source should be connected to the Xin pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin ts “L” 


BYTE In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


8-bit width or 16-bit width The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs 


AVcc; 
AVss 


I 


Veer Reference voltage input 


P0o~P0, —_| I/O port PO /0 


P19~P17 I/O port P14 1/0 


P29~P27 1/O port P2 1/0 
1/O port P3 1/O 


P4)~P47 1/O port P4 /O 


PSo~P57 1/0 port PS /O 


P6y>~P6, _—‘| I/O port P6 /O 
P7>~P77 _| I/O port P7 ie) 
P8~P87 ‘| 1/0 port P8 1/0 


Analog supply input 


Power supply for the A-D converter. Connect AVcc to Vcc and AVsgsg to Vsg externally. 


This is reference voltage input pin for the A-D converter 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output These ports are in input mode when reset 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode 





/ 
















In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D1s~Dg)is input or output when E output is “L” and an address (A;s5~Ag) is output when E output is “H” 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s5~Ag)is output 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Dg) 1s input or output when E output is “L” and an address(Ag3~Aj4g6) IS 
output when E output Is “H”. 


a 
m 
w” 
m 
‘ — 


In single-chip mode , these pins have the same functions as port PO In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output 















In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4,) and P4; become HOLD and RDY input pin respectively Functions of other pins are the 
same as in single-chip mode. Port P42 can be programed for ¢, output pin divided the clock to Xj pin by 
2 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 














In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer A4, external interrupt input INTo, INT,, and INT2 pins, and input pins for timer BO, timer B1, 
and timer B2. 


in addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 







In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 






He 





NO 


6 MITSUBISHI 
7 ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


oe M37700M2-XXXFP,M37700M2AXXXFP_ 
M37700SFP,M37700SAFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 









































































































Address (Hexadecimal notation) Address (Hexadecimal notation) 

oooo00 | 000040 

ooo001 of 000044 fo 

000002 000042 
. 000003 000043 | 

000004 000044 

000005 0000g5 fo 

000006 000046 | J. a ao 

000007 000047 

000009 000049 

00000A 00004A 

00000B 000048 

00000C 00004C |. a3 | 

00000D Port P5 data direction register 00004D 

QOOO0E Port P6 00004E Finer ne ; 

OOOOOF Port P7 00004F 

000010 | Port P6 data direction register 000050 

000011 Port P7 data direction register 000051 

000013 000053 

000014 Port P8 data direction register 000054 

000015 000055 

000016 000056 

000017 000057 

000018 000058 

000019 000059 

00001A 00005A 

00001B 00005B 

00001C 00005C 

00001D 00005D 

00001E | A-D control register O0005E 

00001F QOOOOSF | 

000020 000060 

000021 | 000061 

000022 000062 

000023 | 000063 

000024 000064 

000025 | 000065 

000026 000066 

000027 | 000067 

000028 000068 

000029 | 000069 

00002A 00006A 

ON002B: Jin nse ee ee 00006B 

00002C 00006G 

o0002_0D | 00006D 

00002E 00006E 

oo0e2F | 00006F 

000030 000070 

000031 000071 

000032 000072 UARTO receive interrupt control register 

000033 000073 

000034 000074 

000035 000075 _| Timer AO interrupt control register 

000036 000076 

000037 000077 

000038 000078 | Timer A interrupt control register 

000039 000079 

00003B 00007B 

00003C 00007C 

00003D 00007D 

00003F 00007F INT». interrupt control regiter 


Fig.2 Location of peripheral devices and interrupt control registers 
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STACK POINTER (S) 

Stack pointer (S) is an 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


PROGRAM COUNTER (PC) 
Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 


be executed. These is a bus interface unit between the | 


program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the contents of the prog- 
ram bank register (PG) is incremented by 1. Also, when a 
carry or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FFO1,, or greater, the direct page 
area spans across bank 0 and bank 1. All direct addressing 
modes use the contents of the direct page register (DPR) 
to generate the data address. If the low-order 8 bits of the 
direct page register (DPR) is “00;,”, the number of cycles 
required to generate an address is minimized. Normally the 
low-order 8 bits of the direct page register (DPR) is set to 
“004,”. 


PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (2) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 

When the interrupt disable flag'is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when these is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is “O” and with 
two ‘digits when it is “1”. (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 
(1) and (2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area in mem- 
ory expansion mode or microprocessor mode, set the bus 
width selection input pin BYTE to “L”. (external data bus 
width to 16 bits) The internal memory area is always tre- 
ated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Ag and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ao signal that is the address bit 0 is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. | 

The bit 2 of processor mode register (address 5E,¢) is the 
wait bit. When this bit is set to “0”, the ALE signal and E 
signal are extended and the access time is doubled when 


accessing an external memory area in memory expansion - 


mode or microprocessor mode. However, these signals are 
not extended when an internal memory area is accessed. 
When the wait bit is “1”, the access time is not extended 
for any access. Waveform (3) is an expansion of waveform 
(1). Waveform (4),(5), and (6) are expansion of the entire 


waveform (2), first half of waveform (2), and the last half of 


waveform (2) respectively. 
instruction code read, data read, and data write are de- 
scribed below. 





Internal clock eLFL UU UU U UU *$ 


A: Address 
D : Data 


These waveforms are at the memory expansion mode and 
the microprocessor mode 


Access 
ethod| Access 2-byte| Access even | Access odd 
eS address 1-byte | address 1-byte 





Fig.5 Relationship between access method and 
signals Ap and BHE 
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INTERRUPTS 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 


DBC is an interrupt used during debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
. vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an _ interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT, to INTo are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts are described in the respective 
section. 


Interrupt priority 


Interrupt request bit 


0 : No interrupt 
1 = Interrupt 


The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 


reset > DBC > watchdog timer > other interrupts 


Table 1. Interrupt types and the interrupt vector 
addresses 


OOFFE2;,  OOFFE3i¢ 
OOFFE4,, OOFFESi, 


| 


A-D conversion 
UART1 transmit 
UART1 receive 
UARTO transmit 
UARTO receive 

Timer B2 

Timer B1 

Timer BO 

Timer A4 

Timer A3 

Timer A2 

Timer A1 

Timer AO 

INT> external interrupt 
INT, external interrupt 
INT, external interrupt 
Watchdog timer 

DBC (unusable) 
Break instruction 
Zero divide 











interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


765 4321 0 


ae ania 


Interrupt priority 


Interrupt request bit 


0 : No interrupt 
1 = Interrupt 


Polarity selection bit 


0 : Set interrupt request bit at “H” level for level sense and when changing from “H” to “L” 
level for edge sense. 
1 : Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense 
Level sense/edge sense selection bit 


0 : Edge sense 
1 : Level sense 


Interrupt control register configuration for INTo~INTo. 


Fig.6 Interrupt control register configuration 
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\ 
As shown in Figure 9, there are three different interrupt 
priority resolution time from. which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 
The time is selected with bits 4 and 5 of the processor 
mode register (address 5E,.) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to “00,,” and therefore, the longest time is 
selected. 
However, the shortest time may be selected by software. 


Internal clock ¢ 


Table 3. Value set in processor interrupt level (IPL) dur- 
ing an interrupt 


Interrupt types Setting value 
7 









Table 4. Relationship between priority level evaluation 
time selection bit and number of cycles 


Priority level resolution time selection bit ‘ 
y Number of cycles 


er es ee ee 7 cycles of # 
meee eiees Soden eee 










4 cycles of ¢ 
2 cycles of ¢ 


¢.~ internal clock 


\ 


Poe ee Meh deal al deal ees te 


Operation code fetch wie ~f Lf Le 


Sampling pulse 


Priority resolution time 
Select from 0 to 2 with bits 
4 and 5 of the processor 


mode register 


Fig.9 Interrupt priority resolution time 





76 5 4321 0 
tii trite 


Fig.10 Processor mode register configuration 





ocessor mode register(5E;.6) 


Processor mode bits 
0 0 : Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 ° Evaluation chip mode 
Wait bit 
0 : Wait 
1 | No wait 
Software reset bit” 
The processor is reset when this bit is set to “1”. 


Priority resolution time selection bit 
0 0 : Select 0 in Figure 9 
0 1 : Select 1 in Figure 9 
1 0 : Select 2 in Figure 9 

Test mode bit 


Must be “OQ” 
Clock ¢, output selection bit 


0 : No output 
1 : Output 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAigyr pin. The output is toggled each 
time the contents of the counter reaches to 0000;¢. When 
the contents of the count start flag is “0”, “L” is output from 
TAiour pin. 

When bit 2 is “0”, TAigyy can be used as a normal port pin. 
When bit 4 is “0”, TAijy can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAi,, pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAi, input signal. Whether to count while the 
input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAij, pin input 





signal is “H” and if bit 3 is “0”, counting is Pelomnee while 
itis “L”. 

Note that the duration of “H” or “L” on the TAijy pin must be 
two or more cycles of the timer count source. 

When data is written to timer Ai register, the same data is 
also written to the reload register and the counter. The 
count start flag corresponding to the written timer is 
cleared to “0” and count is stopped. The contents of the 
counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). 


Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5946 


Timer A4 mode register 5Ais6 


0 0 : Always “00” in timer mode 


: No pulse output (TAigur is normal port pin) 


: Pulse output 


: No gate function (TAijy is normal port pin) 


1 0 : Count only while TAi,,y input is “L” 
1 1 : Count only while TAi,, input is “H” 


0 : Always “0” in timer mode 


‘Clock source selection bit 
0 0 : Select f. | 
01 : Select fie 
10 : Select fea 


11 : Select fs12 


Fig.12 Timer Ai mode register bit configuration during timer mode 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode registers must be “1” and bit 1 
and 5 must be “O”. 

The input signal from the TAiy pin is counted when the 
count start flag shown in Figure 13 is “1” and counting is 
stopped when it is “0”. 

Count is performed at the falling edge of the input signal 
when bit 3 is “0” and at the rising edge of the signal when 
itis “1”. 

In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAioyr pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “0” and in- 
crement when it is “1”). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAigur pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be “0” if bit 4 is “1” because if bit 2 is “1”, TAigyr pin 
becomes an output pin with pulse output. 

Also, the increment or decrement count interval must be at 
least two cycles of the timer count source. 

The count is decremented when the input signal from the 
TAiout pin is “L” and incremented when it is “H”. 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000,, (decrement count) or 
FFFF,, (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

At decrement count, if bit 2 is “1”, the output is generated 
from the TAigur pin. The output is toggled each time the 
counter reaches 0000,,¢. At increment count, If bit 2 is “1”, 
the output is generated from the TAioy; pin. The output is 
toggled each time the counter reaches FFFF 4g. 

If bit 2 is “O”, TAigyr pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAigyr pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “OQ” unless the output from 
the TAioyr pin is to be used to select the count direction. 









Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


. Always “01” in event counter mode 


- No pulse output 
: Pulse output 


- Count at the falling edge of input signal 
- Count at the rising edge of input signal 





- Increment or decrement according 
to up/down flag 
: Increment or decrement according 


to TAiour pin input signal level 


: Always “0” in event counter mode 


: Not used in event counter mode 


Fig.15 Timer Ai mode register bit configuration 
during event counter mode 










Address 
76543210 


Up-down flag 44,6 
Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 
Timer A2 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
hes Tie phase pulse signal processing 
Timer A3_ two-phase pulse signal 
processing selection bit 
Q : Two-phase pulse signal processing 
disabled 
past We phase pulse signal precessing 


Timer A4 two-phase pulse signal 
processing selection bit 


0 : Two-phase pulse signal processing 
disabled 

1: Two-phase pulse signal processing 

mode 


Fig.16 Up-down flag bit configuration 
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Addresses ee 
Timer AO mode register 5616 ress 


765.4321 0 
olxx] | [| | |] One-shot start flag 4246 


Timer A1 mode register 5716 
tier Re-tncee tealeter ide Timer AO one-shot start flag 


TiMeEAG mode register -/291 Timer A1 one-shot start flag 


Timermemedeediete Pe Timer A2 one-shot start flag 


Timer A3 one-shot start flag 


: Always “10” in one-shot pulse mode 
. Timer A4 one-shot start flag 


Must be “0”. 
It is set to “O” after a reset operation 


: Always “1” in one-shot pulse mode 


0 X : Software trigger 





1 0 : Trigger at the falling edge of TAisn 
input 


1 1 : Trigger at the rising edge of TAijny 
input 


Fig.19 One-shot start flag bit configuration 


0 : Always “0” in one-shot pulse mode 


Clock source selection 
00 : Select f, 

01 : Select fi, 

10 : Select fe, 

11 : Select fs512 





Fig.18 Timer Ai mode register bit configuration during 
one-shot pulse mode 


Selected clock 
source fj 


TAiin 
(in case of the 


rising edge) 


TAiout | | | | 


Example when the contents of the reload register is 0003.6 





Fig.20 Pulse output example when external rising edge is selected 
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(4) Pulse width modulation mode (11) 
Figure 22 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 
The pulse width modulator can be started with a software 
trigger or with an input signal from a TAijy pin (external 
trigger). 
The software trigger mode is selected when bit 4 is “0”. 
Pulse width modulator is started and pulse is output from 
TAiour when the timer Ai start flag is set to “1”. 
The: external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAij, pin when the timer Ai start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “O” and at the rise when it is “1”. 
If data is written in timer Ai when the timer Ai start flag is 
“0” (that is when pulse width modulator is halted), the data 
is written in the reload register and the counter. Then when 
the time Ai start flag is set to “1” and a software trigger or 
an external trigger is issued to start modulation, the wave- 
form shown in Figure 23 is output continuously. Once mod- 
ulation is started, triggers are not accepted. If the value in 
the reload register is m, the duration “H” of pulse is 
1 

selected clock frequency am 

and the output pulse period is 
1 

selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 
To change the pulse width, write the data during the time 
after the pulse falls but before the rise of the next pulse. In 
contrast to the timer mode, data is written in the reload reg- 
ister only and not in the counter. Furthermore, the timer Ai 
start flag is unaffected and the counter is not stopped. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
To read the timer Ai is performed from the reload register 
instead of the counter. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is “1”. 
The reload register and the counter are both divided into 8- 
bit halves. 
The low order 8 bits function as a prescaler and the high 


X (2'18—4), 


order 8 bits function as the 8-bit length pulse width modula-. 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 0000;, 
as shown in Figure 24. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 


Addresses 
Timer AO mode register 5646 
Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 59416 


76543210 
Timer A4 mode register 5Ai6s 


: Always “11” in pulse width modulation 
mode 


: Always “1” in pulse width modulation 
mode 


: Software trigger 


- Trigger at the falling of TAi,y input 


: Trigger at the rising of TAly Input 


: 16 bit pulse width modulator 


: 8 bit pulse width modulator 


Clock source selection bit 
0 0 : Select f, 

01 : Select fie 

10 : Select fea 

11 ° Select fs1. 





Fig.22 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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TIMER B 

Figure 25 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits 0 and 1 of the timer 
Bi mode register (i =O to 2). Each of these modes is de- 
scribed below. 

(1) Timer mode (00) 

Figure 26 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “0” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag “1” and stops when “0”. 


Clock source selection 
* Timer 
f, ——o 


frig —O \ width measurement 
fe4 ——O 
fs12 ——-O 


: = 
‘ 


Polarity selection Event counter 
and edge pulse ae, 
generator 


TBin 
(i=0~2) O 


* Pulse period measurement/pulse 


Count start flag 


(4016) 


As shown in Figure 13, the timer Bi count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000,.. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer Bi register, the same data is 
written to the reload register and the counter. The count 
Start flag of the corresponding to the written timer is 
cleared to “OQ” and count is stopped. The contents of the 
counter can be read at any time. 


Data bus(odd 7 


{| (Lower 8 bits) TW (Higher 8 bits) 


Reload register(16) 


JT UT 


Counter(16) 


Addresses 
Timer BO 514g 5016 


Timer Bi 5316 52416 
Timer B2 5545 5446 


Counter reset 
circuit 


Fig.25 Timer B block diagram 
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After the contents of the counter is transferred to the reload counted from the fall of the TBij, pin input signal to the next 
register, an interrupt request signal is generated and the rise or from the rise of the input signal to the next fall as 
interrupt request bit in the timer Bi interrupt control register shown in Figure 30. 

is set. However, no interrupt request signal is generated When timer Bi is read, the contents of the reload register is 
when the contents of the counter is transferred first time to read. 

the reload register after the count start flag is set to “1”. Note that in this mode, the interval between the fall of the 


When bit 3 is “1”, the pulse width measurement mode is TBiy pin input signal to the next rise or from the rise to the 
selected. Pulse width measurement mode is similar to next fall must be at least two cycles of the timer count 
pulse period measurement mode except that the clock is source. 


source fj | 
1 | V4 
| | | | 
| | | 
Kil | | 
! | f l | i | 
| 1 | 
| br Fl 
| | | 
| |_| 


Reload register < counter ee | See | ae 


| 
1 
i 
| 


Counter+-0 | | | 


| 
| 
| 
Count start flag | | 
| 
| 
| 


Interrupt request signal as | 


Fig.29 Pulse period measurement mode operation (example of measuring the interval between the falling edge to 
next falling one) 





Selected clock 
source f; 


Reload register — Counter 


Counter+-O 


! 
| 
| 
Count start flag | | 

| 

l 


Interrupt request signal rs | nr | ns | 





Fig.30 Pulse width measurement mode operation 
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Data bus{odd 


Data bus(even 


i ff 
Po TotTeoTol[eofeo[To[o)[o [ufo [% [oT oT oT dresser 


ee Le ei 
Stop fi__} Stop Parity[O 9 bit 5 Receive 
Bit fo Bit Bit 10 


, i register 
No Oo 
1 stop bit Parity 
Synchronous 


Synchronous 





Fig.33 Receiver block diagram 


Data bus( odd 


Data bus{aven 


| Ds JL | Oe | os] % | o% | o | % | Oo |i titer register 


2 stop bit 
Parity ie OC 
“ny Stop Stop fd Parity Ff 9 bit . 
0 Bit Bit Bit 


No oO, 


arity, 

Transmission register 

1 stop bit Synchronous 
iT} 0 ” 





Fig.34 Transmitter block diagram 


Addresses 
bee 0 Transmit/Receive control register 0 | 


UART 1 Transmit/Receive control registerO  3Ci¢ 


Clock source selection bit 
0 0 : Select f. 


01 : Select fi, 

10 : Select fgg 

11 ° Select fs12 
CTS, RTS Selection bit 

0 : Select CTS 


1 > Select RTS 
Transmission register empty bit 


i 


Addresses 
aia 0 Transmit/Receive control register 1 3546 


UART 1 Transmit/Receive control register 1 3Di.6 


Transmit enable flag 
Transmit buffer empty flag 
Receive enable flag 
Receive completion flag 


Overrun error flag 
Framing error flag 
Parity error flag 
Error sum flag 





Fig.35 UARTIi transmit/receive contro! register bit configuration 
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Fig.36 Clock synchronous serial communication 


—>|—fe-1/f,X (n +1) X2 























Transmission 


TE; 


Th 


CLK;j 


Tenpj 


TxDj 


UART]j transmission register 
UART] transmission 
buifer register 


UARTj receive buffer register 
UART] receive register 


UARTj Transmit/Receive mode register 


olx}x|x]ofofotr 


UARTj Transmit/Receive control 
register 0 


DOD Dern] 9 Jos:fosy 


UART, Transmit/Receive control 
register | 


parolee] [e [a |e 


clock 


a) 





Write in transmission buffer register 


CTS; 


—>—f<- 1/8) (+1) X2 


Fig.37 Clock synchronous serial I/O timing 





2—32 


UARTk Transmit/Receive mode register 
po |x} x] x] ito jolt 


UART, Transmit/Receive control 
register 0 


PDODD ee] 1 XTX) 


UART, Transmit/Receive control 
register | 


sum fren|renjoen] oi | ne | m | ve 









Transmission register+-Transmission buffer register 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UART] transmit/receive control regisger 0 bit 2 is used 
to determine whether to’ use CTS; input or RTS; output. 
CTSj input used if bit 2 is “0” and RTS; output is used if bit 
2 is “1”. 

If CTS; input is selected, the user can control whether to 
stop or start transmission by external CTS; input. RTS; will 
be described later. 





Transmission 

Transmission is started when the bit 0 (TEi flag) of UARTj 
transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “O”, and CTS; input is “L” if CTS; input is selected. As 
shown in Figure 38 and 39, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTj transmit/receive mode register bits. The data is out- 
put from the least significant bit. 

The Tlj flag indicates whether the transmission butter is 
empty or not. It is cleared to “0” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. ; 





When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TE; flag, Tlj flag, and 





CTS; signal (if CTS; input is selected) are ignored until 


data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenpi signal shown in 
Figure 38 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to 0 before 
the Tenpj Signal goes “H”. 

The bit 3 (TxEPTYj flag) of UART] transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj] transmissoin interrupt control regis- 
ter is set to “1”. 


Receive 

Receive is enabled when the bit 2 (RE; flag) of UARTj 
transmit/receive control register 1 is set. As shown in Fi- 
gure 40, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. . 


UU 


RE; | 


RxDj 


Receive 
Clock 


Starting at the falling 
edge of start bit 


Rij 


RTSj 





Stop bit Start bit 


Fig.40 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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A-D CONVERTER 

The A-D converter is an 8-bit successive approximation 
converter. 

Figure 41 shows a block diagram of the A-D converter and 
Figure 42 shows the bit configuration of the A-D control 
register. The frequency of the A-D converter operating 
clock ¢ap is selected by the bit 7 of the A-D control regis- 
ter. When bit 7 is “0”, dap is the clock frequency divided by 
8. That is, $ap=f(Xin)/8. When bit 7 is “1”, dap is the clock 
frequency divided by 4 and ap is=f(Xiy)/4. The ?ap dur- 
ing A-D conversion must be 250KHz minimum because the 
comparator consists of a capacity coupling amplifier. 

The operating mode is selected by the bits 3 and 4 of A-D 
control register. The available operating modes are one- 
shot, repeat, single sweep, and repeat sweep. 

The bit of data direction register bit corresponding to the 


ae es ae, Oe er ae 


0 


Address 
A-D control register 1 1E4. 


Analog input selection bit 
000 : Select ANo 
‘1 | Select AN, 
: Select AN2 
: Select AN, 
: Select AN, 
: Select AN; 
: Select ANg 
: Select AN; 
A-D operation mode selection bit 
0 0 : One-shot mode 
0 1 : Repeat mode 
1 0 : Single sweep mode 
1 1 : Repeat sweep mode 
Trigger selection bit 
0 : Software trigger 


a . “ny (s 1 >: ADtrag input trigger 
A-D converter pin must be “0” (input mode) because the Ai corwercion’etant flag 


analog input port is shared with port P7. . 0 : Stop A-D conversion 
The operation of each mode is described below. 1 : Start A-D conversion 
Frequency selection flag 
0 : Select f(Xiy)/8 
1 : Select f(Xiy)/ 4 





Fig.42 A-D control register bit configuration 


A-D Conversion speed selection 


O . Z 
aie i 2K te 


Ladder network 


[__A-D register 0 (20:6) 5 
|_ AD register | (2216) Fry 
|_A-D register 3 (2616) _F-74 
|_A-D register 4 (2814) 1 
_-AeDregleters (28a) Fr 
[|_A-D register 6 (2Cig)_F- 


Comparator 


Data bus (even) 


Selector 





Fig.41 A-D converter block diagram 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 

Figure 43 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fs2) or by 512 (f512). Whether to count fg. or fs12 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 44. f5;2 is selected when the flag is “O” and 
fg2 is selected when it is “1”. The flag is cleared after reset. 
FFF,, is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 

After FFFig is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cyle of 
selected frequency fz. or fs;2, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFFy. is 
preset in the watchdog timer. 

Normally, a program is witten so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “O” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 








Watchdog timer 
frequency selection (connection forced to f32 during 
f32 —O STP instruction execution) 
i512 —O 


Hold 


Write to watchdog timer 


Vcc 
detection 
circuit 


STP Instruction 





$ Address 
Watchdog timer 61, 
frequency selection 


0 : Select fs12 


1 : Select fz0 





Fig.44 Watchdog timer frequency selection flag 
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INPUT/OUTPUT PINS 

Ports P8 to PO all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

lf an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 47 shows a block diagram of ports P8 to PO in sing- 
le-chip mode and the E pin output. 

In memory expansion mode, microprocessor mode, and 
evaluation chip mode, ports P4 to PO are also used as 
address, data, and control signal pins. 

Refer to the section on processor modes for more details. 
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PROCESSOR MODE 

The bits 0 and 1 of processor mode register as shown in Fi- 
gure 48 are used to select any mode of single-chip mode, 
memory expansion mode, microprocessor mode, and eva- 
luation chip mode. 

Ports P3 to PO and a part of port P4 are used as address, 
data, and control signal I/O pins except in single-chip 
mode. 

Figure 49 shows the functions of ports P4 to PO in each 
mode. 

The external memory area changes when the mode 
changes. 

Figure 50 shows the memory map for each mode. 

Refer to Figure 1 for the memory map of the single-chip 
mode. The external memory area can be accessed except 
in single-chip mode. The accessing of the external memory 
is affected by the BYTE pin and the bit 2 (wait bit) of pro- 
cessor mode register . These will be described next. 


7 6 5 4 3 2 1 «0 


Processor mode bit 


- BYTE pin 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H” and port P2 becomes the data I/O pin. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and ports P1 and P2 become the data I/O pins. 


‘When accessing the internal memory, the data bus width is 


always 16 bits regardless of the BYTE pin level. 

An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2'Vo¢. In this case, the opera- 
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 


Address 


Processor mode register SE16 


0 0 : Single-chip mode 


0 1 : Memory expansion mode 


1 0 : Microprocessor mode 


1 1 : Evaluation chip mode 


Wait bit 
0 : Wait 
1 : No Wait 


Software reset bit 


Reset occurs when this bit is set to 1 


Interrup priority resolusion time selection bit 
0 0 : Select 1/f(Xiy)X14 


01 : Select 1/f(Xin)X 8 


1 0 : Select 1/f(Xy)X 4 


Test mode bit 


This bit must be 0 | 


Clock ¢, output selection bit 


0 : No ¢, output 
1 : ¢, output 


Fig.48 Processor mode register bit configulation 


f 
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- Wait bit 

As shown in Figure 51, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the access time becomes twice the access 
time than the wait bit is “1” (no wait). The wait bit is 
cleared during reset. 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 

The processor modes are described below. 


Evaluation chip 


Memory expansion 
bea mode 


Microprocessor 


mode mode 


pees 
916 
Ait 
Ci6 
RAM RAM 
27Fi6 
C000;, 
FFFFFF,, i 


The shaded area ts the external memory area. 





Fig.50 External memory area for each processor mode 


internal clocks [LE LILI LT LF LS] 
Port P2 (_XdataX___X data ) 


Address Address 
Wait bit Je 
“1 ” E 


[ALE | | 


Port P2 


Address 
“Q” E 








Fig.51 


Relationship between wait bit and access time 





(1) Single-chip mode (00) | 
single-chip mode is entered by connecting the CNVsg pin 
to Vss and starting from reset. Ports P4 to PO all function as 
normal |/O ports. 

(2) Memory expansion mode (01) 

Memory expansion mode is entered by setting the proces- 
sor mode bits to “01” after connecting the CNVszs pin to Vss 
and starting from reset. 

Port PO becomes an address output pin and loses its 1/O 
port function. 

Port P1 has two functions depending on the level of the 
BYTE pin. 

When the BYTE pin level is “L”, port P1 functions as an 
address output pin while E is “H” and as an odd address 
data I/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while E is “L”. In this case 
the I/O port function is lost. 

When the BYTE pin level “H”, port P1 functions as an 
address output pin and loses its |/O port function. 

Port P2 has two functions depending on the level of the 
BYTE pin. 

When the BYTE pin level is “L”, port P2 functions as an 
address output pin while E is “H” and as an even address 
data I/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while E is “L’. 

When the BYTE pin level is “H”, port P2 functions as an 
address output pin while E is “H” and as an even and odd 
address data |/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. In 
this case the I/O port function is lost. 

Ports P3o, P3,, P32, and P33 become R/W, BHE, ALE, and 
HLDA output pin respectively and lose their I/O port func- 
tions. 

R/W is a read/write signal which indicates a read when it 
is “H” and a write when it is “L”. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 

Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Ay is “L” and BHE is 
“LS 
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CLOCK GENERATING CIRCUIT 

Figure 52 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFFi. is 
written to watchdog timer and the watchdog timer input 
connection is forced to fs2. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock ¢ remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 

The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 53 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 54 shows an example of 
using an external clock signal. 


Interrupt request 


STP instruction 


S Q 
R 








M37700M2-XXXFP 


Fig.53 Circuit using a ceramic resonator 


M37700M2-XXXFP 


External clock source 


Fig.54 External clock input circuit 


a tC 
R STP instruction 


Watchdog 
timer 


O 
~ internal clock ¢ 


fe fie 


Fig.52 Block diagram of a clock generator 
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ABSOLUTE MAXIMUM RATINGS 


Analog supply voltage v 
1 V, Input voltage RESET, CNVss, BYTE —0.3~12 V 
Vi 
Vo 


Input voltage POo~P07, Plo~P17, P29~P27, P89~P3s, 
P49~ P47, P5o~ P57, P69~ P67, P79~P7z, 
P8o~ P87, Vrer, Xin . 
P89~P87, Xour, E 


vo Output voltage P0y~P0;, P1p~P17, P2p~P27, P3p~P3s, 
Pa Rewer despa me 






























P49~P47, P5p~P57, P6g~P67, P79>~P77, 
Topr___| Operating temperature 
Storage temperature 





Supply voltage 
Analog supply voltage aa : 
Analog supply voitage ae 


High-level input voltage PO0o>~P07, P3p~P33, P4o~P4z, 
P5o~P57, P6y~P67, P7o~P77, 
Vv ———— 0. 8V V V 
ms P8y>~P87, Xin, RESET, CNVss, eS as 
BYTE 
High-level input voltage P19~P17, P29~P27 
Vv 0. 8V Vv V 
(in single-chip mode) oe a 
High-level input voltage P1p~P17, P29~P27, 
(in memory expansion mode and |0. 5Vcc Voc V 
microprocessor mode) 
Low-level input voltage PQg~P07, P39~P33, P4g~P4z, 
P5o~ P57, P69~ P67, P7o™~ P77, 
Bee .2V V 
Vie P8y>~P87, Xin, RESET, CNVss, 0. 2Vce 
. BYTE 
Low-level input voltage Plo~P17, P29~P27, 
.2V V 
(in single-chip mode) 0 | foevec) v 
Low-level input voltage P1lp~P17, P29~P27 
Vir (in memory expansion mode and 
microprocessor mode) 



























Vin 















































P3o9~ P33, P4o~ P47, P5o~ P57, 
f(Xin) External clock frequency input MHz 
M37700M2AXXXFP,M37700SAFP| ssf | 


High-level peak output current POo~P07, Plo~P17, P2o~P27, 
lon( peak) 
P69~ P67, P79~ P77, P8~ P87 
Low-level peak output current PQgp~P07, Pip~P17, P2p~P27, 
Note 1. Average output current is the average value of a 100ms interval. 
2. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 


P3o~P3s, P49~P4z, P5o9~P57, 
P6o~ P67, P7o~P77, P8o~ P87 
lo.(peak) P39~P33, P4g~P47, PSo~P5z, 
P69~ P67, P7o~ P77, P8o~ P87 
the sum of lox(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and 


High-level average output current POg~P07, Plo~P17, P29~P27, 
Low-level average output current POg~P07, P1o~P17, P29>~P27, 
lov(avg) P3p~P33, P4g~P47, P5o~P5z, 
P69~ P67, P79~P77, P89~ P87 
the sum of lox(peak) for ports P4, P5, P6 and P7 must be 80mA or less. 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xy)==8MHz, unless otherwise noted) 
External clock input 


tc 


ty [wax 
Tig | Etomal sick input eyclotime——SC~C=~“*“~*~*“‘~S*SSCSC‘“‘“‘SSS Ws 
F twon) | Extemal clock input high-level pulse with —~—SCSC*~“~*‘“‘*~*~SCSC“‘*‘“‘“SC*SY#SO 
rir | Ekemalcleckisetime ——SSSCSC“~‘“S*S“‘“~‘~rSSSS 
Pe [extemar cick atime 
















Unit 








‘ 


Single-chip mode 


Port PO input setup time 


tsu(P1D—E) Port P1 input setup time 


Typ 

















Unit 





NO 
io) 
oO 





2 
Oo 
Oo 





tsu(p2zp—e) | Port P2 input setup time 


) 
Port P5 input setup time 
) 
) 
) 


NO 
Oo 
© 


Nh 
Oo 
Oo 





Port P4 input setup time 200 
200 
Port P6 input setup time 200 


ae oe ee ell 
[cial sie aac 
ees ee 
mene 
fee eel 
eae 
ee 
Pteucero—e) [Pot P7inputsctuptime SCSC—~dCSCSCSSSS 
Fteucrao—e) |PotPsinputseuptime —SSC~“‘~‘~;*~‘“‘;‘“‘;~‘rTSC‘“‘CS;SS~*” 
Port PO input hold time Pe ee ce a el 
Port P1 input hold time Mas fe ee! 
Port P2 input hold time Ree ee ed 
Port P3 input hold time em ep ee atl 
Mthienpapy [Pot Péinputholdtime ss SC~C“—~‘“‘~*~*‘TSC‘“‘(CSC*d 
tnepsoy [Pot PSmputhodtimeSCSC~“—~s~—‘iNSSS 
Port P6 input hold time ee oe ee etl 
Ftce—ero) | PotP7mputhoidtime SSCSC~—“—~Ss~iSSCSSSSSCSCSCSCS 
ee eee 

















Port P8 input hold time 






NO] RD 
o;o 





Memory expansion mode and microprocessor mode 


Limits 


3 saa 








* 1: New standard attending on the change in product specification. 


7 
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Timer B. input (Count input in event counter mode) ‘ 


Symbol Parameter Test conditions 













Timer B input (Pulse period measurement mode) 


TBiy input cycle time 


TBijy input low-level pulse width 





~Timer B input (Pulse width measurement mode) 7 


Symbol Parameter Test conditions 
Typ. 









TBiw input high-level pulse width 


TBiyw input low-level pulse width 


A-D trigger input 


Limits 
Symbol Parameter Test conditions 
sm fume | Ttcontent Typ. 





Serial 1/0 


eees, JOnineews 
CLKi input high-level pulse width PO 
CLKi input low-level pulse width , Pewee, foc eel 
eet See iam 
SS 1 IRA 
age) ane 
eens Alepivemiaaines oe 

















External interrupt INTi input 


Symbol Parameter Test conditions 





* 1 : New standard attending on the change in product specification. 
* 2 : Changed standard attending on the change in product specification. 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Port P2 address output delay time 


) 
) 
) 
td(aLe—eE) ALE output delay time : 
) 
) 
1 





E 
¢, output delay time 
Port P1 address hold time (BYTE=“H”) 


* 1] : New standard attending on the change in product specification 
* 2 : Changed standard attending on the change in product specification. 











Fig.55 Testing circuit for ports PO~P8, ¢, 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xiy)=16MHz, unless otherwise noted) 
External clock input 


: ed 










Typ. 







tc 
External clock input low-level pulse width 
[te | External. clock fall time aera 





Single-chip mode | 


Port PO input setup time 
Port P1 input setup time 


Limits 
Typ 








Port P2 input setup time 
Port P3 input setup time 







e) ec aann 
e) pt eee 
e) i es 
e) RE aewehttes = 
Tteucran—e) |PorPAmputseuptime —=SsSsS—~“—~S*~S~SCSC—CSsSSsSSCSSC~S~SS 
 teucrso—e) [Por PSinput setuptime —=SS~—S~“—SsS~SSSSSSSSSSSSSCS 
Port P6 input setup time Po 
ee (1 T TNR! seeSeaES! 
Tteucroo—e) | Por PS input seuptime —=SSsS~—~—~—S~—~—~—sSsSsSSSSSSSSCS 
thce-roo) [Pot POinputholdtine —SSCSC~—~S™S~SSSSSSSSSCC*S 
thenpio) [Por Pt inputholdtime —SSSS~—“—S*~—~S~SsSSCSSSS 
thienr20) | Port Pinputholdtime —Ss=—=~“~*~*~‘<sSCS™S*S*~C“—*~‘S*é~*dSCSC“‘*‘“*S*S*S*SC~* 
theron) | PorPSinputholdtmeSSSCSC~—~“~S~S~S~CSCS~S~—~SSCSCSSSSSSCSCS 
Port P4 input hold time A fet te el 
Port P5 input hold time Ee eee 
Port P6 input hold time R— ie 
Port P7 input hold time Men ut 
[theron [Por PSinputholdtime ——SSCSC~—SCSCSC‘<‘idSSSSCSCSC—CS 





a ee ee ee ee ee ee ee | 
oO;ro;o!|o;o!;o;o!lo!;o 
OOOO; O;SO;O!l|O!}oO 











Memory expansion mode and microprocessor mode 


Limits 


Unit 











Tteucrioe) | Pon Pimputsctupime —SSCSC~C~“~*S*~“~*~*~“‘~dSSSSSSSSS 
teucezo—e) [Pon P2inputsetuptime —SSSSCSC~S~—~S~SSSSSSCS 
teuinov=s)**] ROY input souptime ———SSSSSCS~SCSCSSSSSSCSCS 
thie-rro) | Por Pt inputhoidtime—SSSCSCSC~—“—Ss~—~—~*~SSSSSSCSCS i 
therapy | Port P2inputhoidtime ——SSSSCSCS~“—SCS~S~SS SSS 

Se oe 


th(¢.—rpy)*' | RDY input hold time 


* 1 > New standard attending on the change in product specification. 


ase 
eee 
eae! 
eel 
a 
ae 


\ 
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Timer B input (Cont input in event counter mode) 


Symbol Parameter Test conditions 









Timer B input (Pulse period measurement mode) 










Timer B input (Pulse width measurement mode) 


TBtw input low-level pulse width 





A-D trigger input 


ia i aie oe Te 
























Serial I/O 


CLKi input high-level pulse width 








: ome 
ae 
Ctwtoney GLK Input tow-level puss wan SSSSC~dSCSCS~S ts 
A a 
a 0 
a 
1 
ee) 


RxDi input hold time 





External interrupt INTi input 


cr 









INTi input low-level pulse width 





* ] : New standard attending on the change in product specification. 
* 2 : Changed standard attending on the change in product specification 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions = 
yp. 


E) 
1 


o 
oO 


— Figure 55 
Port P1 address hold time (BYTE="H”) 


* ] : New standard attending on the change in product specification. 
* 2 . Changed standard attending on the change in product specification. 


NO] RO 

oO}o on 
& 
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to(Ta) 
TAhy input 
le | 
tc(up) 
pasa) 
TAiour Input 
a 
te(tB) 
TBijy input 
eae ees 
toad) 
ADrro input 


: te(ck) 


ea ae 


thic—a) 


a 
nm I, AR ES See 


tsu(o—c) 


Hohe — a thic—p) 
RxDi 


twain) 


twcinH) 
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Memory expansion mode and microprocessor mode(when wait bit=“0”, and external memory area is accessed) 


. eee 
oy td(e—¢,) La ee 






mi 

mal 

4 

v 

o 

7 
|! 








th(ace—p1a) tezx(e—P1z) 
Port P1 output He 
(Ag~ Ai5/Dg~Di5) (Address ||] ( —_ Address 
(BYTE="L”) S|" 
Port P1 output 
en C= 2 
(BYTE=“H”) 

— thie—pip) 


th(ALe—p2a) tezx(e—pez) 


ae a 
—— 1) GD oD ee a 
ia oa Soe 

| : td(e—p2a ) tsu(p2D—e) pea th(e—pap) 
Port P2 input 


(HLDA) 
tw(ALe) 
C(ALE—E) 
Port P3, output /_—— 
(ALE) “ 


oo ae 
(BHE) 


td(r/w—e) 
(R/W) 


Port P4, input 





(RDY) 
Test conditions 
* Voc= 5 V+10% 
* Output timing voltage * Vo_=0. 8V, Von=2. OV 
* Ports P1,P2 input > Vit=0. 8V, Vin=2. 5V 
* Port P4, input : Vil. OV, Vin=4. OV 
2—64 MITSUBISHI 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37700M4-XXXFP,M37700M4AXXXFP 


i 


M37700S4FP,M37700S4AFP 


\ 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


I 


Od Hod Ld Hod éd yod €d yod vd yod Gd uod 9d Hod Zd uod 8d uod 
indinonduy indynosndu} indjnosInduy yndynosynduy = ndjngy~ndu; indjnojndu} indjnos Indu} indinosinduj indjno nduy 


CS ee a, ee a Ne ee eS ee 
i — GPE ES CHONG PSES—CHIDONED DHWD—M DD WY OE HB G HED —-GO WM € GD G) DD) ) MHD DOM -O OOCOOOOE—DOwW ML WMD BDO OD ODO —— 


UU ini Uit iif = ay it fit at 
i ee ee el 
ee I I ee a a 
Tou uy a 


(g)seuenu0d d-v} | (6)0LHvN =| | (9L)oaL sounL | | (9L)OWL JoUNL 
[teva] (OL) LGL sous (OL) EWL tow seikg 8702 seiig WZe 
(QizaL sour | [ (Qnevs soul ite WO 


(QL) pVL Jouly 















Data Bus(Even) 
Data Bus(Odd) 
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DESCRIPTION 

The M37701M2-XXXSP, M37701M2AXXXSP, M37701SSP 
and M37701SASP are single-chip microcomputers de- 
signed with high-performance CMOS silicon gate technolo- 
gy. These are housed in a 64-pin shrink plastic molded 
DIP. These single-chip microcomputers have a large 16M 
bytes address space, three instruction queue buffers, and 
two data buffers for high-speed instruction execution. The 
CPU is a 16-bit parallel processor that can also be switch- 
ed to perform 8-bit parallel processing. These microcompu- 
ters are suitable for office, business and industrial equip- 
ment controller that require high-speed processing of large 
data. 

The differences between M37701M2-XXXSP, M37701M2A 
XXXSP, M37701SSP and M37701SASP are the ROM size 
and the external clock input frequency as shown below. 
Therefore, the following descriptions will be for the 
M37701M2-XXXSP unless otherwise noted. 


‘ 


| Typename | ROM size _|_ External clock nput frequency 
M37701SASP | —sExternal 16MHz 

















The M37701M2-XXXSP cuts down the pins of M37700M2- 
XXXFP. Refer to the section on M37700M2-XXXFP for the 
functional differences. 


DISTINCTIVE FEATURES 
® 


Number of basic instructions: :crcrereerceecee eect eteeeeeeees 103 
@ Memory size ote | 0 Reet ree rer ree 16K bytes 
PA Wiseniestecsesocterpaieoateometes 512 bytes 


@ Instruction execution time 
M37701M2-XXXSP, M37701SSP 
(The fastest instruction at 8 MHz frequency) ------: 500ns 
M37701M2AXXXSP, M37701SASP 
(The fastest instruction at 16 MHz frequency):::--: 250ns 


M37701M2-XXXSP,M37701M2AXXXSP 
M37701SSP,M37701SASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





MITSUBISHI MICROCOMPUTERS 


PIN CONFIGURATION (TOP VIEW) 


Voc 

+> P89/CTSo/RTSo 
+> P8,/CLKy 

61] +> P8./RxDo 

160] +> P83/TxDo 

59} +> P8./RxD, 

+> P8_//TxD, 

+> PQo/Ao 


P77/AN7/ADtrag > 4, 
P7,/AN> [5] 
P7,/AN,; +16] 
P7,/ANo 

P6s/TBOi, +> 18 
P6,/INT2 + [9] 
P6,/INT, <> [10] +> P02/A2 
P6,/INT, <> +> P03/A3 

P57/TA3n +> P0,/A, 

P56/TA8our 
P55/TA2y 
P54/TA2our + [I5IN 
P53/TA1in + [16] 
P52/TA1lour 
P5,/TAOw + [18] 
P5o/TAQout ** 
P4,/DBC* + 
P4/ o,+* 
P4,/RDY + 
P4 /HOLD +> 
BYTE — 
CNVsg 


cW 


JO 
ASXXXVCWLOZZEW 


e) 
~ 


dSVS woz 
dSSLOZZEW 


> P14/Aj2/D42 
44 > P15/A13/Di3 
++ P16/Ays/Di4 
+> P17/Ais/Di5 
41] <> P2o/A16/Do 
40] +> P2,/A17/D, 
+> P2./A19/D2 
++ P23/Aj9/D3 
+> P24/Aoo/Dy 
+> P25/Ao;/Ds 
+> P26/Az0/De 
++ P2,/Ao3/D7 
+> P3,/R/W 


P3./ALE + 
P3,/BHE + 


Outline 64P4B 


* Used in the evaluation chip mode only 


APPLICATION 


Control devices for office equipment such as copiers, prin- 





@ Single power supply soccer etter teeter teers 5V+10% ters, typewriters, facsimiles, word processors, and personal 
@ Low power dissipation (at 8 MHz frequency) computers 
ai Shoda paknr nae 20lOx6/ wieletale Were avs slae: 6 slwiece, yate-eratarbielid wrolea ei aubiereaes 30mW (Typ.) Control devices for industrial equipment such as ME, NC, 
@ HALOFLUPIS ete eters es sansest teetecine ner seis 19 types 7 levels communication, and measuring instruments 
@ Multiple function 16-bit timer ccs store cree eee renee 5+3 
@ UART (may also be synchronous) Seen ee esos cnet eseoreeroeneoes 2 
@ 8-bit A-D converter ---::r etree 4-channel inputs 
@® 12-bit watchdog timer 
@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) r+ 53 
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FUNCTIONS OF M37701M2-XXXSP 


Number of basic instructions 103 
( 










Functions 





PROM eK ytes 
Pe 

Input/Output ports 

16-bitX 5 (4 Input/Output functions) : 


Multi-function timers 
TBO, TB1, TB2 16-bitX 3 (1 Input function) 
Serial 1/O UARTX2(One can be set clock synchronous serial I/O ) 


A-D converter 8 -bitX 1 (4 channels) 
Watchdog timer 


12-bitX 1 
Interrupts 


Instruction execution time 


Memory size 


























3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0~7 ) 















Clock generating circuit 


Supply voltage 5 V+10% ‘ 
Power dissipation 30mW(at external 8 MHz frequency) 


Built-in{ externally connected to a ceramic resonator or quartz crystal resonator) 












Input/Output voltage 5V 
Input/Output characteristic 
Maximum 16M bytes 
Operating temperature range ; —10~70°C 
CMOS high-performance silicon gate process 
64-pin shrink plastic molded DIP 
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BASIC FUNCTION BLOCKS 

The functional differences between the M7701M2-XXXSP 
and M37700M2-XXXFP are described below. The 
M37701M2-XXXSP has the same_ functions as_ the 
M37700M2-XXXFP, except these points. Refer to the sec- 
tion on the M37700M2-XXXFP. 


A-D CONVERTER 

Analog signals are input through four channels, ANo, AN;, 
AN»2 and AN, In one-shot mode and répeat mode, select 
one on ANo, AN,, ANos, and AN; as analog input by the ana- 
log input selection bits (bits 2, 1 and 0) of A-D control reg- 
ister. Set the bits of the directional registers for ports cor- 
responding to analog input channels AN3, AN,, ANs and 
ANg not having pins to “1” (output mode) and output “0” to 
the ports. 

In the single sweep mode and repeat sweep mode, the 
M37701M2-XXXSP operates the same as the M37700M2- 
XXXFP. Set the directional register bits of ports corres- 
ponding to ANO, AN1, AN2, and AN7 to “0” (input mode), 


and the bits of the directional registers for ports corres-- 


ponding to AN3, AN,4, ANs and ANg not having pins to “1” 
(output mode), and output “0” to the ports. In the single 
sweep mode and repeat sweep mode, the contents of A-D 
register bits corresponding to analog input channels ANs, 
AN,, ANs, and ANg not having pins are undefined. 


TIMER 

Since timer A4 has no input/output function and timer B1, 
B2 have no input function, timers A4, B1 and B2 operate 
only in timer mode. Therefore, only clock source can be 
selected-by the bits 7 and 6 of timer mode register for 
each of timers A4, B1 and B2. The bits of timer mode regis- 
ter must be “0” except for the clock source selection bits. 
Other timers AO, A1, A2, A3 and BO have the same func- 
tions as the M37700M2-XXXFP. 


Table 1. 


Parameter 


Input/Output ports 


Timer 
\ 


Serial |/O 








M37701M2-XXXSP 





meer mere rere renererreesesere vaeeseoers 












bietewetaredt wd with Input ports 


8 -bitX 1 (4 channels) 













By po ee ee 


Pewee meee mere a sr reesereaeereseeseneeeneseoeseseone 


Pewee weee reese neers Seer eeverseeesesesereeeseoees 


(without HLDA) 
narod with Input/Output ports 
only timer mode 







only timer mode 


(UART or clock synchronous serial 1/O) X 1 (UART or clock synchronous serial I/O) X 2 
UARTX 1 





SERIAL I/O 

UART1 has only the asynchronous serial communication 
function and no clock synchronous serial communication 
function. Therefore, do not select the clock synchronous se- 
rial communication function (“001”) by the serial com- 
munication method selection bits (bits 2, 1 and 0) of UART1 
transmit/receive mode register. Since UART1 does not 
have the functions of CTS and RTS, the CTS and RTS 


selection bit (bit 2) of UART1 transmit/receive control reg- 


ister 0 must always be “1”. UARTO has the same function as 
the M37700M2-XXXFP. 


INPUT/OUTPUT PINS 

The port registers and directional registers for ports P4, P6, 
P7 and P8 have eigtht bits, the directional register bits hav- 
ing no pins must always be set to the output mode. Since 
port P33 is not available as a pin although it has port regis- 
ter and directional register, port P33 must be set to the out- 
put mode. 


ADDRESSING MODES 

The M37701M2-XXXSP has 28 powerful addressing modes. 
Refer to the Series MELPS 7700 addressing mode descrip- 
tion for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 

The M37701M2-XXXSP has 103 machine instructions. Refer 
to the Series MELPS 7700 machine instruction list for de- 
tails. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37701M2-XXXSP mask ROM orde! confirmation form 
(2) Mark specification form for 64P4B 

(3) ROM data (EPROM 8 sets) 


The functional differences between the M37701M2-XXXSP and M37700M2-XXXFP 


M37700M2-XXXFP 


ed 


Cee eww em Seer emr serene eaerreeeserererersrsesernoeseseeee 


(with HLDA) 








16-bitx 4 16-bitxX 5 
16-bitX 1 
16-bitx 1 


16-bitX 2 


crsitae ss with Input/Output ports 





setteeeeees with Input ports 16-bitX 3 


8 -bitX 1 ( 8 channels) 


, 
e 
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M37701M2-XXXSP,M37701M2AXXXSP 
M37701SSP,M37701SASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





M37701M2-XXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) , 


Ty 
High-level output voltage PQo~P07, Pto~P17, P29~P27, 
P3p, P31, P4o~P 4p, P4z, 
y i o : : lox=—10mA 3 
P509~ P57, P62~P6s, P7o~ P7o, 
P77, P89~ P83, P8¢, P87 
lon=—10mMA 
fe) 


High-level output voltage PO9~P07, Plo~P17, P29~P27, 
lonp=— 400A 
lon=—4004A 


Unit 






me) 










Ww; & 
—| N 


Vou High-level output voltage P32 





Os 
& 


Vo P3o, P3, 
V h-l | tput It E | 
High-level output voltage 
OH g g ; A00u A 


Low-level output voltage PO9~P07, P1igp~P17, P29>~P27, - 
P3bp, P3), P49~ P4p, P4, ‘ 
V lo =10mMA 
of P5)~P57, P62~P6s, P7>~P7>, o 
P77, P89~ P83, P8e, P87 










Low-level output voltage POg~P07, Pig~P17, P29~P27, 





V loL-=2mA 0. 
OL P3p, P3; oL=<m | 45 
loc =10mA , 
VoL Low-level output voltage P32 = 1.9 | 
= loL=10mA 1.6 
Voi Low-level output voltage E a 





\ 
INTo~INTo, ADrtre; CTSo, CLKo 


High-level input current .PQ9~P07, Plo~P17, P29~P2z, 
P39~ P3o, P49~P 4p, P47, 
P5o~ P57, P62~P6s, P79~P7o, Vi=5V 
P77, P89~ P83, P8., P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POp~P07, P1p~P17, P29~P2z, 

P39~ P32, P49~P4o, P47, 

P5o~P5z, P6.~ P6s, P79~P7o, 

P77, P89>~P8s3, P8., P87, 


V,=0V 
Xin, RESET, CNVgs, BYTE 


(Xin) =8MHz, 
Ta=25C when clock 
is stopped 


Ta=70C when clock 
is stopped . 





Oo; ©& 
Np; + 

























g 
> 













SS 
3 


| S|° 
on oO Wwjo 
z 
aki 3 fos idee 


In single-chip mode 
output only pin is 

open and other pins 
are Vss during reset 




















Power supply current 







ale 


Rg 
> 





A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25, f(Xin)=8MHz, unless otherwise noted) 


| Min | 
Sa ee 
ares 
| 2 | 








Ptconv | Cowersiontme —SSSC—~—~—“SsS*~—~iS 
Veer | Relerencevotage——SSS=C~=‘“*~*~*~“‘dCSSC‘“‘CSNNNNNNT 
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M37701M2-XXXSP,M37701M2AXXXSP 
M37701SSP,M37701SASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Timer A input (Count input in event counter mode) 


Symbol Parameter Test conditions 












Timer A input (Gating input in timer mode) : 


Timer A input (External trigger input in one-shot pulse mode) 


Limits 
Symbol Parameter Test conditions i 





Timer A input (External trigger input in pulse width modulation mode) 


TAtn input high-level pulse width Po 250 
TAtw input low-level pulse width Re get hea nal Eo 










3 
ne) 





Timer A input (Up-down input in event counter mode) 
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M37701M2-XXXSP,M37701M2AXXXSP 


SINGLE 


M37701SSP,M37701SASP 


-CHIP 16-BIT CMOS MICROCOMPUTER 





SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xy)=8MHz, unless otherwise noted) 


Parameter Test conditions 


Single-chip mode ; 





td(e—poa) Port PO data output delay time 


td(e—p1aQ) Port P1 data output delay time 


tqd(e—p2aq) Port P2 data output delay time 


td(e—psa) Port P3 data output delay time 
Port P4 data output delay time 
td(e—Ppsa) Port P5 data output delay time 
td(e—p6aq) Port P6 data output delay time 
td(e—p7aQ) Port P7 data output delay time 





td(e—psa) Port P8 data output delay time 


/ 


Memory expansion mode and microprocessor mode 


(when wait bit = “1”) 





Limits 
Symbol Parameter Test conditions 


Port PO address output delay time 

Port P1 data output delay time (BYTE=“L”) 

Port P1 floating start delay time (BYTE=“L”) 

¢1 output delay time 

| twier) (| Epulsewidth 





Figure 1 
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M37701M2-XXXSP,M37701M2AXXXSP 
| M37701SSP,M37701SASP 


. SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





M37701M2AXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25, f(Xin)=16MHz, unless otherwise noted) 


Parameter 


- Min. Typ 
High-level output voltage PQ9>~P07, Plp~P17, P29~P2z7, 
3p, P31, P4g~P4e, P4y, 
P59~P57, P62~P65, P7o~P7o, 
P77, P89~ P83, P8e, P87 


P39, P3; 
| lon=—10mA 
_ lox=—10mA 


Low-level output voltage PO 9~P07, Pig~P17, P29~P27, 
P3bo, P31, P4p~P4o, P4,, 

P5o~ P57, P62~P6s, P79~P7o, 

P77, P89~ P83, P8e, P87 


Low-level output voltage POp~P07, P19~P17, P29~P27, 
V loL=2mA 












Test conditions Unit 












at oad sad a 
BloO;—| N Ww 









loL=1 OmA 





| 


—|N 






0. 45 





lop=1 OmA 
Low-level output voltage P32 
lop =2mA 
= lo. =10mMA 
Low-level output voltage E 
lop =2mA 


Hysteresis HOLD, RDY, TAQ\y~TA3jn, TBOw, 


Vr4—Vr— ee 
INTo~INTo, ADrrc: CTSo, CLKo 


Hysteresis RESET 
Hysteresis Xj 


High-level input current POp~P07, P19~P17, P29~P27, 
P39~P3o, P49~P4o, P4,, 
P50~ P57, P6.~ P6s, P7o~ P7o, 
P77, P89~P83, P8., P87, 
Xin. RESET, CNVes, BYTE 
Low-level input current POg~P07, P19~P17, P29>~P27, 
P39~P32, P4p~P4o, P47, 
P5o~ P57, P6.~ P6s, P7o™~ P7o, 
P77, P8o~ P83, P86, P8,, 
Xin, RESET, CNVss, BYTE 


RAM hold voltage When clock is stopped 
f( Xin) =16MHz, 


in single-chip mode | square waveform 

output only pin is Ta=25°C when clock 

open and other pins | is stopped 

are Vss during reset. | 7,.=70°C when clock 
is stopped. 


j=) 
— s —, 
s =. s 
O1/W)O 








e oO 
~ 


Wo 


o/° 
2/9 












=5V 


< 
| 













> 












V.=0V 












NO 
B=S 


| : 
ae 
3 is 


Power supply current 








oh 
NO 
; 
| a 


is 
EF 









| 


[= Tabsotute accuracy SS~*di gg 
| —__ ae e CAR 3 
a 
Vin | Anetog inputvotage SCSCSCSCS*idCONSSCSS 
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MITSUBISHI MICROCOMPUTERS 


M37701M2-XXXSP,M37701M2AXXXSP 
M37701SSP,M37701SASP 


\ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Timer A input (Count input in event counter mode) 


TAln Input high-level pulse width 
TAtw input low-level pulse width 
















Timer A input (Gating input in timer mode) 


Test conditions 





Timer A input (External trigger input in one-shot pulse mode) 


TAtiy Input cycle time 
TAln Input high-level pulse width 


\ 





Timer A input (External trigger input in pulse width modulation mode) 


Limits 
symbol Parameter Test conditions 
sma | Min | Typ 





Timer A input (Up-down input in event counter mode) 













Symbol Parameter 


Se 
est Conditions Min ni 


: ee ee 
cueing a er a 





N | Ol 
O}O 


(oe) 





N 
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M37701M2-XXXSP,M37701M2AXXXSP 
M37701SSP,M37701SASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xin) =16MHz, unless otherwise noted) 
Single-chip mode 


Port PO data output delay time 
Port P1 data output delay time 
Port P2 data output delay time 
Figure 1 
















Port P8 data output delay time 


> 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Port PO address output delay time 

Port P1 data output delay time (BYTE=“L”) 

Port P1 floating start delay time (BYTE=“L”) ae 

Port P1 address output delay time 
0 















Port P2 data output delay time 





) 
| 
Figure 1 
Port P1 address hold time (BYTE=“L”) 
eae : 





oO 








ONIN LMI DM NO} NM {Po NO Wi Ww 
O1,O;,O)] or; oO On) Or; oO oa] O;oO aS 
@ 
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MITSUBISHI MICROCOMPUTERS 


M37701M2-XXXSP,M37701M2AXXXSP 
M37701SSP,M37701SASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





TIMING DIAGRAM 


Single-chip mode 


(Xin) 


Port PO output 


Port PO input 
Port P1 output 
Port P1 input 
Port P2 output 
Port P2 input 
.Port P3 output 
Port i input 
Port P4 putput 
Port P4 input 
Port P5 output 
Port P5 input 
Port P6 output 
Port P6 input 
Port P7 output 
Port P7 input 
Port P8 output 


Port P8 input 


tr tf t 
Al pass tw(H) ¥ twiL) 


tsu(poo—e) 


e tdie—piq) 


\ 


tsu(p1D—e) 1 ’ 
lea thie—prp) 


ag tdie—p2Q) 


( 


tsu(p2D—€) 
_. th(e—pep) 
nang td(e—psq) 
X 
tsu(p30—e) _— 
| thie—pap) 
ne td(e—paq) 
tsu(p4p—e) _— 
Ea th(e—pap) 
aig td(e—psa) 
X 
tsu(psp—e) = 
eS th(e—pPsp) 
nie td(e—p6a) 
F, 
tsu(p6p—e) 
! . 
th(e—p6p) 
aang td(e—p7aq) 
X 
tsu(p70—e) pee 
Ee th(e—p7p) 
Ee td(e—psa) 


tsu(peo—e) pa 
ea the—pap) 
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MITSUBISHI MICROCOMPUTERS 


M37701M2-XXXSP,M37701M2AXXXSP 


~M37701SSP,M37701SASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Memory expansion mode and microprocessor mode (When wait bit="1”) 


f(Xin) 


?y 


mi 


Port PO output 
(Ag~A?) 


Port P1 output 
(Ag~Aj5/Dg~Dys) 
(BYTE="L”) 


Port P1 output 
(As~Ais) 
(BYTE=“H”) 


Port P1 input 
Port P2 output 
(Aie~Az3/Do~ Dz) 


Port P2 input 


Port P32 output 
(ALE), 


Port P3, output 
(BHE) 


Port P39 output 
(R/W) 


Port P4, input 


twiL) twoH) 


fate 


td(e—¢1) 


thcaLe— PIA) 


(ssn | 


ence 


th(aLe—p2a) 4 


Cram | 


“ ae 


7 ai 
vex | / 


tsu(RDY—¢1) 
oF aa 


td(BHE—E) 


td(r/w-e) 


ee 
BE 


i 


Address 


Ae 


L 
OF 


: = 





; 


td(poa—e) 


ws 1+) 


— Address 


ww, 
eS 


tpzx(E—P1z) 


4 Address 


td(p1a—E) 





2 


f 


i 


oes |) 


aan _ 


ma texz(e—p2z) 


tezx(E—p2z) 


Address Address 


tsu(p2D—e) 


ne thi e—p2p) 


M 





(RDY) 
Test conditions 
* Vec= 5 V+10% 
* Output timing voltage > Vo. =0. 8V, Voy=2. OV 
+ Ports P1,P2 input > ViL=0. BV, Vin=2.5V 
+ Port P4, input > Vii=1. OV, Vin=4. OV 
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MITSUBISHI MICROCOMPUTERS 


M37 701M4-XXXSP,M3770LM4AX XXSP 





M37701S4SP,M37701S4ASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


‘DESCRIPTION 

The M37701M4-XXXSP, M37701M4AXXXSP, M37701S4SP 
and M37701S4ASP are single-chip microcomputers de- 
signed with high-performance CMOS silicon gate technolo- 
gy. These are housed in a 64-pin shrink plastic molded 
DIP. These single-chip microcomputers have a large 16M 
bytes address space, three instruction queue buffers, and 
two data buffers for high-speed instruction execution. The 
CPU is a 16-bit parallel processor that can also be switch- 
ed to perform 8-bit parallel processing. These microcompu- 
ters are suitable for office, business and industrial equip- 
ment controller that require high-speed processing of large 
data. 

The differences between M37701M4-XXXSP, M37701M4A 
XXXSP, M37701S4SP and M37701S4ASP are the ROM size 
and the external clock input frequency as shown below. 
Therefore, the following descriptions will be for the 
M37701M4-XXXSP unless otherwise noted. 










| Typename | ROM size _| External clock put frequency 
M37701M4-XXXSP 32K bytes 
M37701M4AXXXSP 32K bytes 16MHz 


M37701S4SP 8 MHz 
M37701S4ASP_ | _—s External | -16MHz 





The M37701M4-XXXSP has the same functions as the 
M37701M2-XXXSP except for the memory size. 


DISTINCTIVE FEATURES 
® 


Number of basic instructions ee ir 103 
@ Memory size ROM eee e creer cee ee nrc er eeceeesenene 32K bytes 
RAM pce eee e er caceeensverroescesens 2048 bytes 


@ Instruction execution time 
M37701M4-XXXSP, M37701S4SP 
(The fastest instruction at 8 MHz frequency) ---::-- 500ns 
M37701M4AXXXSP, M37701S4ASP \ 
(The fastest instruction at 16 MHz frequency) :::::- 250ns 





PIN CONFIGURATION (TOP VIEW) 


Voc 
+> P8o/CTSo/RTSo 
+> P8,/CLKo 
161] +> P8./RxDo 
P7./AN, 160] +> P83/TxDo 
P7,/AN, ++ 16] +> P8,_/RxD, 
P7o/ANo +> P8,/TxD, 
P65/TBOw + L8, +> P0o/Ao 
P6,/INT. + L9] +> P0,/A, 
P63/INT, + [10 +> PO2/As 
P62/INTo 54] +> PO3/Ag 
> P04/A, 


P77/AN7/ADrrae 4 | 


P56/TAS3our + 
P55/TAQn + LS 

P5,/TA2our ++ DS 
P53/TA1n + LIS 


W 
I) 
t 
U 
& 
~ 
> 
a 


[51] +> PO6/Ag 
++ PO7/A7 
49] ++ P1/As/Ds 
48} +> P14/Ag/Dg 
> P15/Aio/Di9 
+> P13/A1,/D4, 
45} +> P14/Ay2/Dy2 
44] +> P15/Ay3/D3 
+> P16/Ay4/Dy4 
+> P17/A45/D45 
+> P2o/A16/Do 
CNVss 40} > P2,/A,7/D, 
RESET > +> P2./Ai3/Do 
+> P23/Ai9/Ds 
> P24/Aoo/D4 
++ P25/Ao,/Ds 
+> P2¢/Ao0/Dg 
P3./ALE + +> P2,/Ao3/D7 
P3,/BHE +> P3o/R/W 


LLE 


eo) 
= 


<= 
w 
™~] 
~] 
Oo 
— = 
Y 
AN 
Y” 
U 


P59/TAQout 
P4,/DBC* + 


dSXXXVVNLOZZEWN 
JO 
dSXXX-VINL 


Outline 64P4B 


* Used in the evaluation chip mode only 





APPLICATI 
@ Single power supply: srr 5V+10% , CA ON ; ; : 
ee a Control devices for office equipment such as copiers, prin- 
@ Low power dissipation (at 8 MHz frequency) ine 
ters, typewriters, facsimiles, word processors, and personal 
siimdseVodNeeteaea eth Hos vedeuese 2 twee tee tec arabian eunna ens 30mW (Typ.) 
@ Interrupts ccc rrr 19 types 7 levels computers 
; P a Control devices for industrial equipment such as ME, NC, 
@ Multiple function 16-bit timer ::--1-- err 5+3 neay nad , 
communication, and measuring instruments 
@ UART (may also be synchronous) Linen eee pees SeeeewnsaeieeNee 2 | 
@ 8-bit A-D converter ss: sr rete 4-channel inputs 
ee he ame eae THE FUNCTIONS AND CHARACTERISTICS 
Zc : m g recut The M37701M4-XXXSP has the same functions and charac- 
eto, oo Seen eee re es teristics as the M37701M2-XXXSP except for the ROM and 
POS Ere ee ay Mae Mi eo RAM size. Refer to the section on the M37701M2-XXXSP. 
DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 
(1) M87701M4-XXXSP mask ROM order confirmation form 
(2) Mark specification form for 64P4B 
(3) ROM data (EPROM 8 sets) 
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eo SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





DESCRIPTION 

The M37704M2-XXXFP, M37704M2AXXXFP, M37704S1FP 
and M37704S1AFP are single-chip microcomputers de- 
signed with high-performance CMOS silicon gate technolo- 
gy. These are housed in a 80-pin plastic molded QFP. 
These single-chip microcomputers have a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business, and industrial equipment 
controller that require high-speed processing of large data. 
Also, the incorporated motor control circuit makes these 
‘microcomputers suitable for control of equipment that re- 
quires motor control. 

The differences between M37704M2-XXXFP, M37704M2A 
XXXFP, M37704S1FP and M37704S1AFP are the ROM size 
and the external clock input frequency as shown below. 
Therefore, the following descriptions will be for the 
M37704M2-XXXFP unless otherwise noted. 


Type name | _ROM size | Gena oook np teaver | 
M37704N2-XXXFP 










DISTINCTIVE FEATURES 
@ 


Number of basic instructions ee ee er 103 
@ Memory size ROM cece ree srce rene ceevececesccecves 16K bytes 
RAM ASS ee a 51 2 bytes 


@ Instruction execution time 
M37704M2-XXXFP, M37704S1FP 
(The fastest instruction at 8 MHz frequency) ::--::: 500ns 
M37704M2AXXXFP, M37704S1AFP 
(The fastest instruction at 16 MHz frequency):-:--: 250ns 


e Single power supply S186 Sew wisiace wie Wale @'oi0,6 w/ecg'e wee ¥eiw asses Oise 5V+10% 
@ Low power dissipation (at 8 MHz frequency) 

Dhue pcan tea iwcnekawxavnee 30mW (Typ.) 
@ Interrupts Westie ele. eveie-wsae: 6 levels sl cleW's ore. 60 Ne Sieve eiele’@ Geehne 19 types 7 levels 
@ Multiple function 16-bit timer Wisse: o0bi-b. evi ere U bce 06,0 stele ecole ee eeie Sis 5+3 


(Three-phase motor drive waveform or pulse motor 
drive waveform can be output.) 


PIN CONFIGURATION (TOP VIEW) 






[S)<> P71/AN, 





P79/ANo +> 1 
P67/TB2in +> 
P6¢/TB1\y > 
P6</TBOw +> 14] 





























P62/INTp +> [7 


Péo/TA4our/RTP1g + [1 






P56/TA38qur/RTP12 +> 11 | 
P55/TA2)y/U/RTP1, +> 
P54/TA2Qur/V/RTP1p > 
P53/TA1 w/W/RTPO3 +> [14] 
P59/TALour/U/RTPO2 + 
P5,/TAQiy/V/RTPO, +> [16] 
P§g/TA0gur/W/RTPOy +> 
P4,/DBC* ++ [ig] 
P4_/VPA* ++ [ig] 


40 
d4XxXX-cWr0ZZew 









dSVISPOZZEW 
JO 

ds lSvOZZEW 
JO 





dAaXXxVcWPOZLZEW 














P4./VDA* <> 
P4,/QCL* <> 44] +> P2o/Are/Do 
P4,/MX* <> +> P2,/Ay7/D, 
P42/$4 > +> P2,/Aia/D> 





P4,/RDY = 41 | — P23/A19/D3 








LS 
on 





P39/R/W = 
P27/A23/D7 


P31/BHE +> 





P32/ALE + 





P49/HOLD + 
P33/HLDA << 
P26/A22/D6 
P25/A21/Ds 
P24/A29/D4 









Outline 80P6N 


* Used in the evaluation chip mode only 


APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
general purpose inverter and measuring instruments. 





@ UART (may also be synchronous) -11-111+11errr rere 2 
@ 8-bit A-D converter --: rrr rere 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) --1r err 68 
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FUNCTIONS OF M37704M2-XXXFP : 


en M37704M2-XXXFP, M37704S1FP 500ns (the fastest instructions, at 8MHz frequency) 
Instruction execution time 
M37704M2AXXXFP, M37704S1 AFP 250ns (the fastest instructions, at 16MHz frequency) 
ROM SSSCS*dTBKtes 


RAM 512 bytes 
P 


pe SS™OCOCOOCCCCCSC*dCAWHKSC“sSC“SsSsSsS 
(UART or clock synchronous serial I/O) X2 
Watchdog timer 


3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0~7 ) 

















Memory size 







Input/Output ports 


Multi-function timers 


Interrupts 







Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 


ae 
Input/Output characteristic 
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BASIC FUNCTION BLOCKS 

The M37704M2-XXXFP contains the following devices ona 
single chip: ROM and RAM for storing instructions and 
data, CPU for processing, bus interface unit (which controls 
instruction prefetch and data read/write between CPU and 
memory), timers, UART, A-D converter, and other peripher- 
al devices such as I/O ports. Each of these devices are de- 
scribed below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0;¢ to FFFFFFig. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 01, to FFi¢. 

Built-in ROM, RAM and control registers for built-in 
peripheral devices are assigned to bank 0. 


The 16K bytes area from addresses C0006 to FFFF4, is the 
built-in ROM. Addresses FFD6,, to FFFFig are the RESET 
and interrupt vector addresses and contain the interrupt 
vectors. Refer to the section on interrupts for details. 

The 512 bytes area from addresses 80, to 27F1,¢ contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0;¢ to 7Fig are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank O using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


0000001. 00000016 
00007 Fi¢ 


Peripheral d 
0000801. pheral devices 


control registers 


see Fig 2 for 
further information 


Bank O16 


Internal RAM 
512 bytes ( 


™~ 
00007F,, 


OOFFFFi6 


0100006 
00027 Fi¢ 


Bank 146 
O1F FFF \¢ 


Interrupt vector table 


Timer B2 
INT» 


INTo 
Watchdog timer 


BRK instruction 


\ 
RESET 


FEOQ000i.¢ 


Bank FEi6 
Internal ROM 
FEFFFFi¢ 
FFOOO0i. 


16K bytes 


Bank FFi, orn 





OOFFFFic 





Fig. 1 Memory map. 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “0” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 


7 __0 
Program bank register PG 


FA 


Data bank register DT 


Fig. 3 Register structure 


_ In index addressing mode, register X is used as the index 


register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicates the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x “0” 
and as an 8-bit register when flag x is “1”. Flag x is a part 
of the processor status register (PS) which is described 
later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the content of index register Y indicates the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 
Index register X 
Index register Y 


Stack pointer S 


Program counter PC 


Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 

Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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5. Index register length flag (x) 
The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “0” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “0”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and +32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“Q”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(x,,) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


Bus interface 
unit 





Fig. 4 Relationship between the CPU and the bus interface unit 
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Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 
Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, in memory expansion mode or microprocessor 
mode, if the bus width switching pin BYTE is “H”, external 
data bus width is 8 bits and the address to be read is in ex- 
ternal memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code‘ read. 

Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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Table 2. Addresses of interrupt control registers 


UART1 receive interrupt control register 000074;., 
Timer AO interrupt control register 0000751. 
Timer A1 interrupt control register 000076, 


Timer B1 interrupt control register 


INT, interrupt control register 00007E:. 
INT». interrupt control register 00007F i. 


s 


Timer A2 interrupt control register 0000773, 





Interrupts caused by a BRK instruction and when dividing’ 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “0”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag |. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “0” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “O” and enable further 
interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 


. Fig. 7 





Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


® ® ©® oO) 


ban Ai as ee ed eg ee eal 
| | _]Watchdog) | —— 
| ve l timer DBC 


A-D converter, UART, Timer, INT interrupts 


Priority can be changed with software inside @ 





Interrupt priority 


A-D conversion 


Interrupt request} UART1 transmit 
UART1 receive 
UARTO transmit 
| Reset | UARTO receive 
Timer B2 
Timer B1 
Timer BO 
Timer A4 


Timer A3 


Watchdog 
timer 


Timer A2 


Timer A1 


OTS DI, Dip 


All| 5 
iam Ls) 


RK<IKEKUKIRKEKIRKYKIKIKIKEKE< 


Interrupt disable flag | Timer AQ 


/\ 


Zz 
+ 


Fig. 8 Interrupt priority resolution 





2—104 


MITSUBISHI 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37704M2-XXXFP,M37704M2AXXXFP 


M37704S1F P,M37704S1AFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with !/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 

Using this timer, confirm the function as this timer is diffe- 
rent a little from M37700M2-XXXFP’s. 


TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i= 0 to 4). Each of these modes is de- 
scribed below. 


Clock source selection 

¢ Timer 

* One-shot 

¢« Pulse width modulation 


fp ——O 
feo 


fea —O 


Timer( gate function) 
bio O 


Polarity Event counter ~ 


selection 
TAiin 
(i=0~4) (4016) 
External trigger 


Down count 


IIL 


Count start flag 


(1) Timer mode (00) 

Figure 12 shows. the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “O”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “O”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000;,. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


Data bus (odd) 


Data bus (even) 


Reload register(16 


Counter(16) Addresses 


Up/Down Timer AO 4746 4646 
Always decremented TimerA1 4916 484, 
except in event count mode 

Timer A2 4Bie 4Ar6 
Timer A3 4D, 4Cie 


Timer A4 4Fi6 4E.6 


——o 


Up-down flag O 


(4446) 


Pulse output 


Oma, 





Fig. 11 Block diagram of timer A 


Toggle flip-flop 
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7 6 BH (SB ye - Count start flag Address 
CIEE ITIL) sees 


Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 


Timer A3 count start flag 


Timer A4 count start flag 


Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig. 13 Count start flag bit configuration 






Selected clock source f; 


i 






Timer mode register 
Bit 4 Bit 3 


Era 0,9, mW 





Timer mode register 


Bit 4 Bit 3 
UU UU UUUUUUUL 


Fig. 14 Count waveform when gate function is available 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and AQ, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjoyr (j=2 to 4) pin and TA}; pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAk,y pin after the level of TAkoyr (k= 2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4oyr pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4ou7 pin and TA4y pin. 

When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4\, pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4,; pin and TA4oyr 
pin. When performing this two-phase pulse signal proces- 


sing, timer Aj mode register bit 0 and bit 4 must be set to 
“4” and bits 1, 2, 3, and 5 must be “0”. Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,,) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “O” and performs two-phase pase signal 
processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


Addresses 
Timer A2 mode register 5816 


Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


i= 0 1 : Always “01” in event counter mode 


0100 : Always “0100” when processing - 
two-phase pulse signal: 


XX : Not used in event counter mode 





Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 


(k=2, 3) 


Up-count Up-count Up-count 


Down-count Down-count Down-count 





Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 


nes a ee aa a. 


SS 


Up-count at each edge 


Sateen een 


Up-count at each edge 


Down-count at each edge 


nd 
Down-count at each edge 





Fig. 18 Two-phase pulse processing operation of timer A4 
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Selected clock 
source f;, 


TAln 


(in case of the j | h | 


rising edge) 


TAlout | | | | 


Example when the contents of the reload register 1s 0003,¢ 





Fig. 22 Pulse output example when external rising edge is selected 


Selected clock 
source f; 


(in case of the 
rising edge) 


TAlout eee ”~<“t;ts*‘“‘;*S 


TAtn f | i | 


Example when the contents of the reload register is 0004,, 





Fig. 23 Example when trigger is re-issued during pulse output 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 
the period of the generated pulse is ister is m, the duration “H” of pulse is 


1 1 
Pe pee pa ap ha Wk De Pe cat ent hee ee 1 xX : 
selected clock frequency AUT selected clock frequency X(n +1) m 


The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 

modulator using this pulse as input. The operation is the 1 8 
Se Alaciad GlacICCGuenca: X(n +1) X (28-1). 

same as for 16-bit length pulse width modulator except that selected clock frequency 


1/f)X (2'°—1) 


ee a 


Selected clock 


source f;, 
| | 


TAln | 


| f 
(in case of the | ~~ This trigger is not accepted 


rising edge) 


| 1/f;X (m) | 


Example when the contents of the reload register is 00031. 





Fig. 25 16-bit length pulse width modulator output pulse example 


1/f,X (n+1) X (28-1) 


Selected clock 
source f, 


Prescaler output; 1 ——————a qs Os Oo ees ees ea ae awe we re 


(when n =2) 


8-bit length pulse 
width modulator 


output 





(when m =2) 


Fig. 26 8-bit length pulse width modulator output pulse example 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 
the bit 0 in the timer Bi mode register must be “1” and bit 1 
must be “0”. 
The input signal from the TBijy pin is counted when the 
count start flag is “1” and counting is stopped when it is “O”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “0” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. 
When bit 3 is “1” and bit 2 is “O”, count is performed at the 
rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 
(3) Pulse period measurement/pulse width 
measurement mode (10) 
Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “OQ”. 
The pulse period measurement mode is selected when bit 
3 is “QO”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBi,y pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is “0”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBi,y pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 








4 


. Addresses 
Timer BO mode register 5Bi, 


Timer B1 mode register 5C,, 
Timer B2 mode register 5Di. 


0 0 : Always “00” in timer mode 


XX : Not used in timer mode and 
may be any 
Timer Bi overflow flag 


Clock source selection bit 
00 : Select fo 


01 : Select fi¢ 
10 : Select fea 
11 ° Select fs45 


Fig. 28 Timer Bi mode register bit configuration during 
timer mode 


Addresses 
Timer BO mode register 5B,, 


Timer B1 mode register 5Ci, 


Timer B2 mode register 5Di¢ 


0 1 : Always “01” in event counter 
mode 
0 0 : Count at the falling edge of 
input signal 
- Count at the rising edge of 
Input signal 
- Count at the both falling edge 
and rising edge of input signal 


Timer Bi overflow flag 


xX X : Not used in event counter mode 


Fig. 29. Timer Bi mode register bit configuration during 
event counter mode 


Addresses 
Timer BO mode register 5B,, 


Timer B1 mode register 5Ci¢ 


Timer B2 mode register 5Dy,, 


1 0 : Always “10” tn pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

- Count from the rising edge of 


Input signal to the next rising one 

- Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 


Timer Bi overflow flag 


Clock source selection bit 
00 : Selectf > 


01 : Select fig 
10 : Select feg 
1 1 : Select fs40 


Fig. 30 Timer Bi mode register bit configuration during 


pulse period measurement/pulse — width 
measurement mode 
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Timer B can detect phase difference by using timer B1 and 
timer BO. The phase detection mode is explained below. 
Figure 33 shows a block diagram of the phase detection 
mode. In the phase detection.mode, timer B1 and timer BO 
are used. Set timer B1 to the timer mode and timer BO to 
the pulse period measurement/pulse width measurement 


mode. For selection of the phase detection mode, set bit 4. 


of the timer BO mode register (5B,, address) to “1”. Bit 5 of 
timer BO mode register functions as phase detection flag 
by setting bit 4 to “1”. Figure 34 shows the bit configuration 
of the timer BO mode register and the timer B1 mode regis- 
ter in the phase detection mode. 

Figure 35 shows an example of operation in the phase de- 
tection mode. First, each time the counter of timer B1 is set 
to 0000,, in the timer mode of timer B1, a signal reversing 
polarity is generated as a reference signal. Next an exter- 
nal signal is input from the TBO,, pin. By setting bit 4 of the 
timer BO mode register to “1”, timer BO measures the pulse 
width of the logical sum (AND) signal of the reference sig- 
nal generated from timer B1 and the external input signal 
from the TBO, pin. The bit 5 (phase detection flag) of the 
timer BO mode register indicates whether the phase of the 
signal from the TBO\y pin is ahead or behind with respect to 
the reference signal. The phase detection flag gets the in- 
put level from the TBO, pin at the rising from “L” to “H” of 
the reference signal. “O” of phase detection flag indicates 
that the phase of the input signal from the TBO, pin is be- 
hind with respect to the reference signal. “1” indicates that 
the phase of the input signal from the TBO, pin is ahead 
with respect to the reference signal. 

To detect the phase difference between the reference sig- 
nal and the input signal of the TBO, pin, advance the 
phase of the input signal from the TBO,, pin with respect to 
the reference signal. In this state, the phase difference be- 
tween the reference signal and the input signal from the 


TBO pin can be detected by measuring the pulse width by 
timer BO. 


Address 
Timer BO mode register 5B i, 


: Always “10” in phase 
detection mode 

: Always “10” in phase 
detection mode 

: Always “1” in phase 
detection mode 


Phase detection flag 


Clock source selection bit 
00 : Select fe 

01 : Select fig 

10 : Select fea 

11 : Select fsi2 


Address 
Timer B1 mode register 5Ci¢ 


0 0 : Always “00” in phase 
detection mode 

Not used tn phase 

detection mode 


Clock source selection bit 
00 : Select fp 

01 °: Select fie 

10 : Select fea 

11° Select fs12 


Fig. 34 Timer BO and B1 mode register bit configura- 
tion during phase detection mode 





Phase detection flag (bit 4 of 5B,. address) 


TBOw input Or 


Toggle 


Timer B1 (16) flip-flop 


Fig. 33. Block diagram of phase detection mode 





Phase detection 
mode bit 


Timer BO measuring pulse 
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The dead-time timer operates as a one-shot pulse timer. 
When a trigger arrives, the dead-time timer starts pulse 
output, and when the value of the timer reaches 004g, it ter- 
minates pulse output, stops operation, and waits for the 
next trigger. 

The output polarity of three-phase waveform depends c on 
the output polarity setting toggle flip-flops. When the con- 
tents of the output polarity toggle flip-flops is “O”, the posi- 
tive phase waveform is output at “H” level, and when “1”, it 
is output at “L” level (three-phase waveform is output using 
negative logic). 

The output polarity setting toggle flip-flops each have out- 
put polarity setting buffers shown in Figure 39. When the 
contents of timer B2 counter reaches 0000;., the contents 
of output polarity setting buffers is set in the output polarity 
setting toggle flip-flops. After this; the output polarity setting 
toggle flip-flops have polarity reversed for each termination 
of one-shot pulse of timer (timer A2, A1 or AO) correspond- 
ing to each phase. 


7 6 5 4 3 2 Address 


TTL Waveform output mode register 6216 


Waveform output selection bit 

0 0 0 : Parallel port 

001 : RTP1 selected 

0 1 0 : RTPO selected 

0 11 : RTP1 and RTPO selected 

1 0 0 : Three-phase waveform mode 


Polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


Pulse width modulation sercnon: bit by 
timer A1 

0 : Not modulated 

1 : Modulated 


Pulse width modulation selection bit by 

timer A3 

0 : Not modulated ~ 

1 = Modulated 

Dead-time timer trigger selection bit 

0 : Both edge of one-shot pulse 

1 : Only the falling edge of one-shot 
pulse 


Waveform output control bit 
0 : Waveform output inhibited 
1 : Waveform output enabled 





Fig. 36 Waveform output mode register bit configura- 
tion : 





An example of U phase waveform is shown in Figure 40 to 
explain waveform output operation. Writing “O” to the U 
phase waveform start level setting bit (bit 1 of 644.6 
address) and actuating timer B2 makes the three-phase 
waveform mode effective. When the contents of timer B2 
counter reaches 0000;., timer A2 starts one-shot pulse out- 
put. At this time, the contents (“0” in this case) of U phase 
output polarity setting buffer is set in the output polarity set- 
ting toggle flip-flop 2. At termination of one-shot pulse out- 
put of timer A2, the contents of the output polarity setting 
toggle flip-flop 2 changes from “O” to “1” and a one-shot 
pulse of the eight-bit dead-time timer is output to set a 
time so that the “L” level of U phase waveform and U 
phase waveform with the negative phase of U phase wave- 
form does not overlap. 


Address 

Timer AQ mode register 564.6 
rime A1 mode register 574. 
Timer A2 mode register 584. 


Always “10” in three-phase 
waveform mode 


Always “0111” in three-phase 
waveform mode 


Clock source selection bit 
00 : Select f. 

01 : Select fi, 

10 : Select fgg 

11 : Select fs12 


Address 
Timer B2 mode register 5Die 


Always “00” in three-phase 
waveform mode 


Not used in three-phase 
waveform mode 


Clock source selection bit 
00 : Select f. 

01 : Select fie 

1 0 : Select fea 

11 ° Select f512 


Fig. 37 Timer AO, A1, A2 mode register and timer B2 
mode register bit configuration 





2—120 


MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37704M2-XXXFP,M37704M2AXXXFP 


M37704S1F P,M37704S1AFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





The U-phase waveform output that began at “H” level re- 
mains at “H” level until termination of the one-shot pulse 
output of the dead-time timer, even when the contents of 
the output polarity setting toggle flip-flop 2 changes from 
“OQ” to “1” due to one-shot pulse output of timer A2. At ter- 
mination of the one-shot pulse output of the dead-time tim- 
er, “1” of the output polarity setting toggle flip-flop 2 
already reversed becomes effective and the U-phase 
waveform changes to “L” level. Next write “1” again to the 
U-phase output polarity setting buffer (bit 1 of 6446 
address) before the counter of timer B2 reaches 0000j.. 
When the counter of timer B2 reaches 0000,., the one-shot 
pulse output of timer B2 begins to operate. At the same 
time, “1” written to the U-phase output polarity setting buf- 
fer is set in the output polarity setting toggle flip-flop 2 and 
the U-phase waveform output remains at “L” level. At ter- 
mination of the one-shat pulse output of timer A2, the con- 
tents of the output polarity setting toggle flip-flop 2 changes 
from “1” to “OQ” and the one-shot pulse output of the dead- 
time timer begins to operate. The U-phase waveform out- 
put, when the contents of the output polarity setting toggle 
flip-flop changes from “1” to “0”, changes form “L” to “H” 
without waiting for termination of the one-shot pulse output 
of the dead-time timer. 

U-phase waveform is generated by repeating the above 
operation. U-phase waveform with the negative phase of U- 
phase waveform is generated in the same way as U-phase 
waveform, except that the signal contents of the output 
polarity setting toggle flip-flop 2 is the very reverse of that 
in U-phase waveform. In this way, U-phase waveform and 
U-phase waveform with the negative phase are generated 
from the pins so that the “L” level does not overlap. 


when timer B2 





Address 


Pulse output 
P 6446 


data register 1 
V-phase output polarity 
setting buffers 
0 : “H” output 
1: “L” output 


U-phase output polarity 
setting buffers 

0 : “H” output 

1 > “L” output 

Not used in three-phase 
waveform mode 





ae Address 


4 3 2 1 #0 
SPER bed x bx catatesistero 654 


Not used in three-phase 
waveform mode 
W-phase output polarity 
setting buffers 

0 : “H” output 

1: “L” output 


Fig. 39 Pulse output data register 0, 1 in three-phase 
waveform mode 

The width of “L” level can be changed by changing the 
value of timer B2 and the value of timer A2. This technique 
for generating waveforms with “L” level not overlapping is 
also applicable to V phase, W phase, and their negative 
phases, V phase and W phase, by using corresponding 
timers. 

The above explanation is for an example of generating 
three-phase waveform by the triangular wave modulation 
(called double edge modulation) , but three-phase wave- 
form by the saw-tooth-wave modulation (called signal edge 
modulation) can also be generated by fixing the start level 
of each phase. 


Output signal at each time | | | | | | | | 
reaches 0000;, 


| | 


One-shot pulse output 
by timer A2 


| 


The contents of the 


| 


ee ee 


output polarity setting toggle 
flip-flop 2 


Reversed pulse output signal | 


| (| | 


by dead-time timer Pe One : 


U-phase 
waveform output 


U-phase 
waveform output 





Fig. 40 Example of U-phase waveform output (three-phase waveform by triangular wave modulation) 
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When “OQ” is written to a specified bit of the pulse output 
data register, “L” level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes 0000,;,., and when “1” is written, “H” level is output to 
the pulse output port. 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes 00004¢. 

Ports P6>, P5g, P5s and P5, are applied pulse width mod- 
ulation by timer A3 by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to “1”. 

Ports P53, P52, P5; and P59 are applied pulse width mod- 
ulation by timer A1 by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to “1”. 

The contents of the pulse output data register 0 can be re- 
versed and output to pulse output ports P53, P5., P5, and 
P5o by the polarity selection bit (bit 3) of the waveform out- 
put mode register. When the polarity selection bit is “0”, 
the contents of the pulse output data register 0 is output 
unchangeably, and when “1”, the contents of the pulse out- 
put data register 0 is reversed and output. When pulse 
width modulation is applied, likewise the polarity reverse to 
pulse width modulation can be selected by the polarity 
selection bit. 

Figure 44 shows example of waveforms in pulse output port 
mode. 

Ports selecting the pulse output port mode can control out- 
put as in the three-phase wavefrom mode by the waveform 
output control bit (bit 7) of the waveform output mode reg- 
ister (62,, address). 

When the waveform output control bit is set to “1”, a wave- 
form is output from the port. When this bit is set to “0”, 
waveform output from the port is stopped and the port is 
placed in floating state. | 

This bit can be set to “OQ” by instructions, by inputting a fall- 
ing edge to the INTo pin, or reset. 











Address 


(ne AO mode register a 


Timer A2 mode register 5816 


Always “100” in pulse output 
port mode 


Not used in pulse output port mode 
Always “00” in pulse output port mode 


Clock source selection bit 


00 : Select f, 

01 : Select fig 
10 : Select fes 
11 ° Select f512 


Fig. 42 Timer AO, A2 mode register bit configuration in 
pulse output port mode 


Address 


Pulse output data register 1 6416 
Pulse output data bit of port P5, 
Pulse output data bit of port P5; 
Pulse output data bit of port P5.¢ 


Pulse output data bit of port P6> 


Address 
Pulse output data register 0 6516 


Pulse output data bit of port P5o 


Pulse output data bit of port P5, 


Pulse output data bit of port P5. 


Pulse output data bit of port P5, 


Fig. 43 Pulse output data register bit configuration 
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SERIAL /O PORTS 

Two independent serial I/O ports are provided. Figure 45 
shows a block diagram of the serial I/O ports. 

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive 
mode register shown in Figure 46 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial |/O port, or asynchronous (UART) serial I/O port us- 


ing start and stop bits. 

Figures 47 and 48 show the connections of receiver/trans- 
mitter according to the mode. 

Figure 49 shows the bit configuration of the UARTIi transmit/ 
receive control register. 

Each communication method is described below. 


Data bus( odd) 





Data bus(even) 


10101010} 010 0 jDg|D7|D¢/Ds|D.|D3]D2|D1]Do] Receive buffer register 


/UARTO( 3746, 3646) 
UART1(3F ig, 3E;6) 


Receive register 


UART receive 


1/16 Divider 
Bit rate 
generator 
UART0(31 46) 
UART1(3946) 
Internal » 


1/(n+1) 
1/2 Divider 


Clock synchronous 
(Internal clock ) 
4 


Clock source selection 
fg —o 
fig —O 


1/16 Divider 


fea ~o 


f512—o 


External 


CLKi C ) 


CTS!/RTSi 


Fig. 45 Serial !/O port block diagram 


—_—_-——0 


O 
Clock synchronous;o | 


Clock synchronous 


Clock synchronous 
(Internal clock) 
O 


Receive 
control 
circuit 


Receive clock 


UART transmission 


Tranemission]| Fransmission clock 
O-Icontrol circury 
TxD, 


Transmission register C ) 


O 
Clock synchronous 


External clock) : 
Transmission 


buffer register 
UART0( 33,6, 3216) 
UART1(3Bi6, 3Ai6) 


Te bus 
-—————|_fodd) ff 


Data bus( even) 





Addresses 


as IE UART 0 Transmit/Receive mode register 


UART 1 Transmit/Receive mode register 
erial communication method selection bit 
: Parallel port 
: Clock synchronous 
: 7-bit UART 


: 8-bit UART 
» 9-bit UART 


Internal clock/External clock selection bit 
0 : Internal clock 
1 : External clock 





— Stop bit length selection bit 


0 : 1 stop bit 
1 : 2 stop bits 
~ Even/Odd parity selection bit 
0 : Odd parity 
1 : Even parity 
Parity enable selection bit 
0 : No parity 
1: With parity 
Sleep selection bit 
0 : No sleep 
1 : Sleep 

















3016 
3816 


Fig. 46 UART i Transmit/Receive mode register bit configuration 
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CLOCK SYNCHRONOUS SERIAL. 
COMMUNICATION 


A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 50 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit O of the UARTj transmit/receive mode register and 
UARTK transmit/receive mode register must be set to “1” 
and bits 1 and 2.must be “0”. The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UART] transmit/receive mode register of the 
clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTK transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 

The clock source is selected by bit 0 (CSo) and bit 1 
(CS,) of the clock sending side UART] transmit/receive 
control register 0. As shown in Figure 45, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/ { (n-+1)X2} 


On the clock receiving side, the CS and CS, bits of the 
UARTK transmit/receive control register are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UARTj transmit/receive 
control register is clear to “O”to select CTSsj input. The bit 2 
of the clock receiving side is set to “1” to select RTSk out- 
put. CTS, and RTS signals are described later. 





Transmission 

Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is “1”, bit 1 is (TIj flag) 
of one is “0”, and CTSsj input is “L”. As shown in Figure 51, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 
ise as CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 





mission is not interrupt when CTSj input is changed to “H” 
during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and ‘CTSj is checked while the Tenpj signal shown in 
Figure 51 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “O” before 
the Tenpj signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UART] transmission interrupt control regis- 
ter is set to “1”. 


Receive 

Receive starts when the bit 2 (RE, flag) of UART, trans- 
mit/receive control register 1 is set to “1”. 

The RTS output is “H” when the REx flag is “O” and goes 
“L” when the REx flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTS output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTS output is “L”. 

The data from the RxDk pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to“H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (Rik 
flag) of UART, transmit/receive control register 1 is set to 
“4”. In other words, the setting of the Rlk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes “L” to indicate that the next 
data can be received. When the Rik flag changes from “OQ” 
to “1”, the interrupt request bit in the UARTk receive inter- 
rupt control register is set to “1”. Bit 4 (OER, flag) of 
UART k transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rlk flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rik and OERk flags are cleared automatically to “O” when 
the low-order byte of the receive buffer register is read. 
The OER k flag is also cleared when the RE k flag is 
cleared. Bit 5 (FER, flag), bit 6 (PERK flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 

As shown in Figure 50, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UART k to 
UART}j. 
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ASYNCHRONOUS 

SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTi 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “0”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CSo) and bit 1 (CS,) of UARTIi transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLK pin can be used as a 
normal I/O pin. 


—>| fe (1/f, or 1/fexr) X (n +1) X16 


Transmission clock 
TE, 


Ti (i) 


Write in transmission buffer regisger 
CTSj 


Tenpi 


Start bit 


TxEPTY; 


Parity bit Stop bit 


10) STABXBXPENEID XENON Ym \STADXEXDXOOHONKOYKDIKPY sm 
Oe 





The selected internal or external clock is divided by (n+1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 


- Therefore, the transmission speed can be changed by 


changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 


fext, 
Bit Rate =(fj or fexr)/{ (n-+1) X16 } 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the: 1's in the data and parity bit is always even. 


Transmission register «-Transmission 


buffer register 


Stopped because TE,= “0” 


ST (DoX D1) 


Fig. 52 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


—>t—be~ (1/4, of 1/fexr) X (n-+1) X16 


Transmission clock. 


TEj 


Th 


Write in transmission buffer register 
Tenpi 


Start bit 


Stop Bit Stop Bit 


no s1(OsXDXDNO;XBIKDKDKEKOLY se SA\ s1(BaXBNO=NOIXBNOXONENEYSP SP” \ST {DG KO.KO. 


Transmission register+-Transmission 


buffer register 
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Fig. 53 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 








2—130 


MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37704M2-XXXFP, M37704M2AXXXFP 
M37704S1FP, M37704S1AFP 


a, SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





lf RTS; output is selected by setting the bit 2 of UART; 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “O”. When the REj flag changes to 
“1” the RTSi output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 33. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UART; transmit/receive control register 1 is set. In other 
words, the Rij flag indicates that the receive buffer register 
contains data when it is set. If RTS} output is selected, RTS} 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTj receive interrupt 
control register is set when the Rlj flag changes from “0” to 
aa le 

The bit 4 (OERj flag) of UARTj transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”. In other words when an overrun error occurs. If the 
OER; flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. 

Bit 5 (FERj flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 (PER; flag) is set when a parity error occurs. 

Bit 7 (SUMj flag) is set when either the OER; flag, FER; 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 

The setting of the Rlj flag, OER; flag, FER; flag, and the 
PERi jilag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj 
OERj, FER;|, PERj, and SUMj flags are cleared when the 
low order byte of the receive buffer register is read or 
when the Rj flag is cleared. 








Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
‘connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTj trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 
When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
“0”. Also the Rij, OERj, FER;|, PER}, and the SUMj flag are 
unchanged. Therefore, the interrupt request bit of the 
UART]j receive interrupt control register is also unchanged. 
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Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits O to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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(1) One-shot mode (00) 

The A-D conversion pins are selected with the bit 0 to 2 of 
A-D control register. A-D conversion can be started by a 
software trigger or by an external trigger. 

A software trigger is selected when the bit 5 of A-D control 
register is “O” and an external trigger is selected when it is 
sa ee 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ¢,~p cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADzrg in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANy to AN,g because the 
AD+trc pin is shared with the analog voltage input pin AN;. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode (01) 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode [10) 

In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and 0 of the A-D sweep pin selection register (1F ig 
address) shown in Figure 57. Two pins, four pins, six pins, 
or eight pins can be selected as analog input pins, de- 
pending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANo pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 

A-D conversion can be started with a software trigger or 
‘with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
is "4", 

When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit is set in the A-D conversion in- 








terrupt control register. At the same time, A-D control regis- 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADrpe in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADrre pin is shared with AN; pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 

(4) Repeat sweep mode (11) 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the ANg pin 
to the selected pins, but repeats again from the ANg pin. 
The repeat is performed among the selected pins. Also, no 








’ interrupt request is generated. Furthermore, if software trig- 


ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 


A-D sweep pin Address 
selection register 1Fi¢ 


 ANo, AN, (2 pins) 

> ANo~ANs (4 pins) 
ANo~ANs (6 pins) 
- ANo~AN; (8 pins) 





Fig. 57 A-D sweep pin selection register configuration 
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RESET CIRCUIT 





Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V 
+10%. Program execution starts at the address formed by 
setting the address pins Ao3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFFi.5, and A7~ Ap to the contents of 


address FFFE4.. 


Figure 60 shows the status of the internal registers when a 


reset occurs. 


Figure 61 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 


tage reaches 4.5V. 


Address 


Port PO data directional feuisier (0416)°"° 
Port P1 data directional register (05,,)--- 
Port P2 data directional register (081,)--- 
Port P3 data directional register (094,)-- 
Port P4 data directional register (0C4,)--: 
Port P5 data directional register (OD,.)--- 
Port P6 data directional register (104.6)-* 
Port P7 data directional register (1146)°°- 
Port P8 data directional register (144,)-° 
A-D contro! register (1Ey6)°-- 
A-D sweep pin selection register (1Fi.¢)-°: 
UART 0 Transmit/Receive mode register (304g) "= 
UART 1 Transmit/Receive mode register = (384,)°°" 
UART 0 Transmit/Receive control register(0  (344,):°- 
UART 1 Transmit/Receive control registerO  (3C4¢)-°° 
UART 0 Transmit/Receive control register 1 (3546)-*° 
UART 1 Transmit/Receve control register1  (3D45)°*- 
Count start flag (4046)-° 
One-shot start flag (42,6)°°° 
Up-down flag (4446) 
Timer AO mode register (5646)°"° 
Timer A1 mode register (5716)°°° 


Timer A2 mode register (5816)°" 


) 
) 
) 
) 
) 
) 


Timer A3 mode register (5916)°°° 
Timer A4 mode register (5Ai6)**° 
Timer BO mode register (5Bi6)°" 


Timer B1 mode register (5Ci6)° 


Timer B2 mode register (5Di6) 


M37704M2-XXXFP 





Fig. 61 Example of a reset circuit (perform careful 
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evaluation at the system design level before using) 


Address 


Processor mode register (5E.6)--° 


Watchdog timer (6016)-*° FFFi¢ 


Watchdog timer frequency selection flag (6146)--- ReeRES 


Waveform output mode register (6246)--- 

XX 2/2/01 
XOX 2] 0/0] 
UART 0 receive interrupt control register (7246) °° XDXDXDX] 0 | 0| 0 | 
UART 1 transmission interrupt control register (7316)°°- XDXDX)X] 0 | 0| 0 | 
UART 1 receive interrupt control register (7446)**° XIXDXDX! | 0 | 0| 
Timer AO interrupt control register (7516)°°° XXDX)X} 0 | 0| 0 | 
Timer A1 interrupt control register (7616)°*° XXDXDX] 0 | 0| 0 | 
Timer A2 interrupt control register (7716)°° XXPXPX] 0 | 0 | 0. 


Timer A3 interrupt control register (7816)°"° XDX>X)x] 0 | 0| 0 | 


Timer A4 interrupt control register (7916) °° XDX)X)X| 0} 0} 0} 0| 
Timer BO interrupt control register (7Ay6)°°° XPXPXPX] 0 | 0 | 0. 

XXX 0! 0/0] 
Timer B2 interrupt control register (7C46)->° XXX) X| 0 | 0 | 0. 
INT 0 interrupt control register  (7D4,)-- X)X/ 0/0] 0} 0} 0 
INT 1 interrupt control register  (7E46)-"- E | 0/0] 0} 0] 0| 
INT 2 interrupt control register ee X)X} 00] 0] 0| 0| 


Processor status register PS 


A-D conversion interrupt control register (7046)°** 


Pe 


NZ 
ZN 


UART 0 transmission interrupt control register (7146)°°° 


7 
ASAI 
jelie}iellelielielle lie lle! 


oN 


Timer B1 interrupt control register (7Big)** x 


ZN 
12 |Le je | 


: 
> 
12 |Le Le) 


Program bank register PG 
Program counter PCy Content of FFFFi¢ 
Program counter PC, Content of FFFEi¢ 


Direct page register DPR 000046 


Data bank register DT 


NY Contents of other registers and RAM are not initialized and should be in- 
00} +X] 0} 0 | 


/N 





Fig. 60 Microcomputer internal status during reset 


itialized by software. 
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* Port PO7~P09, P17~P1o, P27~P25, P33~P3,, P4g~P4. (Inside dotted-line not included) 
Port P4o, P4,, P47, P57, P6,~P6,, P82, P8 (Inside dotted-line included, but P8., P8, are without hysterisis) 


Data direction 
register 
ES Port latch 





Data bus 





* Port P7g6~P7,) (Inside dotted-line not included) 
* Port P77 (Inside dotted-line included) 





Data direction 
register 







Port latch 


Data bus 





* Port P83, P87 (Inside dotted-line not included) 


Port P5p~P5.6, P69 (Inside dotted-line included) 


Data direction 
register 


Data bus 





¢ Port P8o, P8,, P8,, P85 







Data direction 
register 
: Port latch | 


Data bus 






Fig. 62 Block diagram for ports P8 to PO in single-chip mode and the E pin output 
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Microprocessor 
Mode 


Same as left Same as left 
Same as left Same as left 


Pee eee ie 
Data( odd) 

Same as left {| Port P4, P5 and their direction 
registers are treated as 16-bit wide 
bus If BYTE=2-+V¢¢, the internal 
ROM area s also treated as 16-bit 
wide bus 


—_ 
23°" 
P2o 
(even, odd) 
Same as for Port P1 


Same as left Same as left 


Same as left in 
spite of proce- 
ssor mode re- 
gister bit 7 


Evaluation Chip Mode 






PO, 
Address A7~Ao 
PQo 
E | | 
Ais~Asy, 


P1, 


N Data( odd 


1/O Port 


Port PO 















BYTE= ‘ 


BYTE= “H” 







P1; 
2 1/O Port 
Pio 






or 2°*Voc 


(Evaluation 
chip mode 
only ) 











E | | 
/ 
P27 
| 
P2, 


BYTE= iT [2 




















Port P2 


BYTE= “H” 






— rear) See ed 
A ~A 
po, 2328 
oer (Data) 
P2, 9 Ee ess 


(even, odd) 










or 2°*Voc 
(Evaluation 
chip mode 
only ) 














E 


P33 
: 
P36 








Port P3 








E 


P4, 
: 
P4o 


* When processor mode 
register bit 7 = “0” 













Port P4 







* When processor mode 
register bit 7 = “O” 


















P4, | be | | | | | 


Same as above except P4, 












Same as above except P4. 


* When processor mode register | * When processor mode register 
bit 7 = “1” bit 7 = “1” 


Fig. 64 Processor mode and ports P4 to PO functions 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is “H” to let the 
address signal pass through and held while ALE is “L”. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 

Ports P4, and P4, become HOLD and RDY input pin re- 
spectively and lose their output pin function, but the input 
pin function remains. 

HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. Ports PO, P1, P2, P3bp, 
and P3, are floating while the microcomputer stays in hold 
state. 

RDY is a ready signal. If this signal goes “L”, the internal 
clock ¢ stops at “L”. When ¢, output from port P4, is 
selected by setting bit 7 of processor mode register to “1”, 
¢, output keeps on. RDY is used when slow external mem- 
ory is attached. 

(3) Microprocessor mode [10) 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. It can also be entered by 
programming the processor mode bits to “10” after con- 
necting the CNVsg pin to Vsg and starting from reset. This 
mode is similar to memory expansion mode except that in- 
ternal ROM is disabled and an external memory is re- 
quired, and ¢, from port P42 is always output in spite of bit 
7 of processor mode register. 

(4) Evaluation chip mode [11] 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

The functions of ports PO and P3 are the same as in mem- 
ory expansion mode. 

Port P1 functions as an address output pin while E is “H” 
and as data I/O pin of odd addresses while E is “L” re- 
gardiess of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is “L”. 

Port P2 function as an address output pin while E is “H” 
and as data I/O pin of even addresses while E is “L” when 
the BYTE pin level is “L”. However, if an internal memory is 
read, external data is ignored while E is “L”. 

When the BYTE pin level is “H” or 2:Voc, port P2 functions 
as an address output pin while E is “H” and as data I/O pin 
of even and odd addresses while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
ig Bi 

Port P4 and its data direction register which are located at 
address OAig and 0C;, are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

When a voltage twice the Voc voltage is applied to the 











BYTE pin, the addresses corresponding to the internal 
ROM area are also treated as 16-bit data bus. 

The functions of ports P4, and P4, are the same as in 
memory expansion mode. 

Ports P4, to P4g become ¢,;, MX, QCL, VDA, and VPA out- 
put pins respectively. Port P4; becomes the DBC input pin. 
¢, from port P42 divided the clock to Xiy pin by 2 is always 
output in spite of bit 7 of processor mode register. 

The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes “H” when the first byte of the 
instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVgg pin in- 
put levels and processor modes. 








Table 5. Relationship between the CNVsgg pin input 
levels and processor modes 
















Description 
Single-chip mode upon start- 
ing after reset. Other modes 






¢ Single-chip 
* Memory expansion 
* Microprocessor 

¢ Evaluation chip 


can be selected by changing 
the processor mode bit by 
software 
Microprocessor mode upon 
starting after reset Evaluation 
chip mode can be selected 
by changing the processor 
mode bit by software. 


* Evaluation chip * Evaluation chip mode only. 

















* Microprocessor 
¢ Evaluation chip 
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ADDRESSING MODES 

The M37704M2-XXXFP has 28 powerful addressing modes. 
Refer to the Series MELPS 7700 addressing mode descrip- 
tion for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 

The M37704M2-XXXFP has 103 machine instructions. Refer 
to the Series MELPS 7700 machine instruction list for de- 
tails. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37704M2-XXXFP mask ROM order confirmation form 
(2) Mark specification form for 80P6N 

(3) ROM data (EPROM 8 sets) 
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M37704M2-XXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 


| 









































Low-level input current PQg~P07, Plo~P17, P29~P27, 
P39~ P33, P4)~ P4;, P5So~ P57, 
P69~P67, P7>~P77, P89~P87, 
Xin, RESET, CNVss, BYTE 


Vram 


ree ee 
[= Tabsoute accuracy S~*d Wee 
ee a | —__~ ne GE BR 
[Vacr | Reterencevotage—SSCSC~“‘“CSSC“‘CNNCN™SCNSCSSCSNSTS 
Pvin | Analog mputvotage dO 





‘es 
ho on 
3 is 


~ ; 
a 





RAM hold voltage When clock is stopped 








f(Xin) =8MHz, 
square waveform 
Ta=25 when clock 
is stopped. 


Ta=70° when clock 
is stopped. 


~ 16 








In single-chip mode 
output only pin is 

open and other pins 
are Vss during reset 





High-level output voltage PO0g~P07, P1p~P17, P29~P2z, - 
P3p, P3), P33, P4o~P4,, 
lon=— 10mA 3 V 
Vou P5o~P5z, P6y~P67, P7o~P77, | 
P89~ P87 
High-level output voltage POp~P07, P19~P17, P29~P27, 
lon=— 400 uA 4.7 V 
| ion —10mA 0s) ae 
Vou High-level output voltage P3. V 
| : n= 10mA es ae 
Vou High-level output voltage E V 
Low-level output voltage POQg~P07, Pl9p~P17, P29~P27, 
P3po, P3,, P33, P49~P4,, 
lo-=10mA 2 V 
Vou PS, P57, P6p~P67, P7>~P77, oan 
P8~ P87 
Low-level output voltage PO o~P07, P19~P17, P29~P27, 
loL=2mA 0. 45 V 
Vo Low-level output voltage P32 V 
lot=10mA ee ee | 
VoL Low-level output voltage E b+ __ i —— Vv 
lo.=2mA Poteet he LOuge 
Vei—-V Hysteresis HOLD, RDY, TAOin™ TA4in, TBOw;w~TB2in, V 
eae ie INTo~INTo2, ADtre, CTSo, CTS;, CLKo, CLK; 
TVre=Ve-| Hysteresie xy SSCSC~“‘“SCS*S™*™*S*S*S*S*S*S*™C™C*dSC“‘CNSNSNNCN#”NSC“C(“#“#STCNNNNNNN’S“”dE;'COWD-|—Sd=—Cs | 
High-level input current PQg~P07, Pig~P17, P29~P27, 
P3o~ P33, P45~P4,, P5o~ P5y, 5 ; A 
P6y~P67, P7>~P77, P89~ P8,, Me 
Xin, RESET, CNVss, BYTE 
liv 
Cc 


Power supply current 








\ 
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‘ 
1 





Timer A input (Count input in event counter mode) 


TAtn input cycle time 
TAlin input high-level pulse width 


\ 







Test iti Limits 
est conditions 
| Min | Typ | 





Timer A input (Gating input in timer mode) 


TAin input cycle time 
TAtw input high-level pulse width 
TAiy input low-level pulse width 





Timer A input (External trigger input in one-shot pulse mode) 











Unit 









Timer A input (External trigger input in pulse width modulation mode) 


: 
Symbol Parameter Test conditions 


TAt input high-level pulse width 
TAtw input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


| smh fant | Limits 
Symbol Parameter Test conditions Unit 
| Min. | Typ. | | Max. | 


tocar) | TAlour mput eye tne oof | 









TAiour Input setup time 
th(t,,-uP) TAigut input hold time 
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SWITCHING CHARACTERISTICS (Vcc=5V410%, Vss=0V, Ta=25C, f(Xin) =8MHz, unless otherwise noted) 
Single-chip mode | 


td(e—poa) Port PO data output delay time 
Port P2 data output delay time 
Figure 70 


















Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Port PO address output delay time 

td(e—P1aQ) Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay tme (BYTE=“L”) 

td(p1a—e) Port P1 address output delay time 

td(e—p2aQ) Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time 

E) 
Figure 70 
) 














| tdce—Huoay_| i 
ees 
Port P1 address hold time (BYTE=“L” 
=“H") 


td(e—Htpa) | HLDA output delay time 


| ns 

ns 
he 
J ns 
BHE hold time 


R/W hold time 
E pulse width 


eel weal 
Ww NO NO 
Oo oil} oO Oo 
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M37704M2AXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25C, f(Xiy)=16MHz, unless otherwise noted) 




















a ee 
yp |_Max_| 
High-level output voltage POo~ P07, P1o~P17, P29~P2z7, 
P3o, P3), P33, P4p~P47, 
V lon==—10mA 3 V 
AE P5p~P57, P6y~P67, P7>~P77, id 
P8~ P87 
High-level output voltage PQop~P07, P1p~P17, P29~P27, 
lon=—400 uA 4.7 V 
Vou P3p, P3;, P33 oF - 
‘ lon=— 10mMA 3.1 
Vou High-level output voltage P3, 


lon=— 400A | 4.8 | 


= lon=—10mA 3.4 
Von High-level output voltage E bu 3.4 | 
lon=—400UA - 


Low-level output voltage PQo~P07, P19~P17, P29~P27, 
lop =10mA 


P3p, P3;, P33, P49~P4,, 
P5e, P57, P6)~ P67, P7o~ P77, 
P89~ P87 
a Low-level output voltage P59~P5s5 lo-=20mA Pec Il 
Low-level output voltage PO9~P07, P19~P17, P29~P27, 
lop=2mA 
P39, P3,, P33 
=10mA 
Low-level output voltage P32. = — 
: ea ee ee oe 
VoL Low-level output voltage E 
fia=2mA SS SCSC~“—~—“—~*~*~*~—SsSSSC*‘d 
Vet—V Hysteresis HOLD, RDY, TAOin~TA4in, TBOn~ TB2in, 
ai INTo~INT2, ADtac, CTS, CTS}, CLKo, CLK; 








‘ 


o |o 
2 
ll 
nw) 
= 
> 


oO 
—_— 
b/* 
WO Qo NO Lae) 








oa 
High-level input current POg~P07, Plo~P17, P29~P27, 

P39~P3s3, P49~P4z, P5o~ P57, 

P69~P6,, P7o~ P77, P8~ P8;, 


g 


Xin, RESET, CNVss, BYTE 
Low-level input cufrent PQgo~P07, P19~P17, P29~P27, 
P3p9~P33, P4o~P47, P5p~ P57, 
P69~P67, P7o~P77, P89~ P87, 
Xin, RESET, CNVss, BYTE 
1(Xn) =16MHz, 
square waveform 


Ta=25C when clock 
is stopped. 


Ta=70°C when clock 
is stopped. 


S92 
Wy] ol 









Vi=0V 












i 
z "Oo: 


N 
ho 
BS 
3 
> 










In single-chip mode 
output only pin is 

open and other pins 
are Vss during reset. 





Power supply current 


os 
i) 


A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25, snasaionlsoneinieony unless otherwise noted) 


[= [Reson —CSC~“~*~*~*~*~S~S~*™ 
fF Absolute pacieey 


Conversion time 
Reference voltage 
Analog input voltage 
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Timer A input (Count input in event counter mode) 


TAiin input cycle time 
TAtw input high-level pulse width : 
TAhy input low-level pulse width 


Twin [typ | 


125 















Test conditions 








Timer A input (Gating input in timer mode) 


TAin input cycle time 
FAim input high-level pulse width 
TAijy input low-level pulse width 





Test conditions 





Timer A input (External trigger input in one-shot pulse mode) 


Symbol 


TAiyy input cycle time 
TAtn input high-level pulse width 
TAiin input low-level pulse width 











Parameter Test conditions 








a 
oi 
joo) 





Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter Test conditions 


TAtin input high-level pulse width 
TAtin input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


TAiour input hold time 


Test conditions 













N 
on 
oO 
fo) 


| ch 
iN sry 
©O;91/ 01 
O1o};oO 





Oo 
© 
oO 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25'°C, f(Xiy)=16MHz, unless otherwise noted) 
Single-chip mode 


td(e—Poa) Port PO data output delay time 

Port P1 data output delay time 

Port P2 data output delay time 
Figure 70 



















Memory expansion mode and microprocessor mode (when wait bit = “1”) 


ALE pulse width 
Port PO address hold time 


Port PO address output delay time ' 
Port P1 data output delay time (BYTE=“L”) | 
Port P1 floating start delay time (BYTE="L”) 
Port P1 address output delay time 
Port P2 data output delay time 
Port P2 floating start delay time 
td(p2a—e) Port P2 address output delay time 
E) i 
BHE output delay time 
Figure 70 
Port P1 address hold time (BYTE="L") 


td(e—HLpa) | HLDA output delay time 
R/W output delay time 
Port P1 data hold time (BYTE="L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H”) 
Port P2 address hold time 
Port P2 data hold time 
Port P2 floating release delay time 


R/W hold time 
E pulse width 
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TIMING DIAGRAM tr t 


Ne 
Single-chip mode AA pis tw(H) twiL) 
F(X) ae 


mil 


, mg td(e—pog) 
Port PO output |X 


tsu(Pop—e) 
aan 
Port PO input th(e—pop) 
a | td(e—p1aq) 
Port P1 output |X 
tsu(P1p—e) _— 
— | td(e—p2q) 
Port P2 output & \ 
tsu(p20—) pasar 
Port P2 input ba th(e—p2p) 
any td(e—p3q) 
Port P3 output DB. 
tsu(p30—) — 
Port P3 input | th(e—pap) 
any td(e—psq) 
Port P4 output X 
tsu(p4p—e) -— 
Port P4 input i thie—pap) 
td(e—psa) 
OX 
Port P5 output 
tsu(psp—e) = 
Port P5 input a th(e—psp) 
ag tdie—pea) 
Port P6 output |X 
tsu(p6p—e) pam 
Port P6 input A th(e—pep) 
Bee) td(e—p7a) 
Port P7 output |X 
tsu(p70—e) pas 
Port P7 input a er 
ney td(e—psa) 
Port P8 output ) ( 
tsu(psp—e) pea 
Port P8 input led thie—pap) 
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Memory expansion mode and microprocessor mode (When wait bit=“1”) 


f(Xin) 


mil 


Port PO output 
( Ao™ A; ) 


Port P1 output 
(Ags~Ai5/Dg~Dy5) 
(BYTE="L”") 


" Port P1 output 
(As~Ais) 
(BYTE=“H”") 


Port P1 input 
Port P2 output 
(Aie~Az3/Do~Dz) 


Port P2 input 


Port P33 output 
(HLDA) 


Port P3. output 
(ALE) 


Port P3, output 
(BHE) 


Port P3, output 
(R/W) 


Port P4, input 


\ tw(H) pa 


tf tr 





= 
(Tress B 
Data |} (| Address 


tnaerlpo| tezx(eE—P1z) 
ib, “Cas 


ral td(e—prap 
dh coal EO | 


an = 


; 
If. i) — 


beg 


th( ace—p2a) a Oe OO See texz.e—F 22) tezx(E—p2z) 
Crane f {fame wom |} --—-—4- nn 
t = 
tae  taraane) sna 
—- h(€—-P2p) 


td(aLe~e) 


_ al 


td(r/w—-e) 





r 


‘ 





(RDY) 
Test conditions 
* Voc= 5 VE10% 
‘ Output timing voltage * Vo. =0. 8V, Von=2. OV 
* Ports P1,P2 input > Vir=0. 8V, Vin==2. 5V 
* Port P4, input > Vit=1. OV, Vin=4. OV 
5160 _ MITSUBISHI 


ELECTRIC 


f i, 4 Me 
re a ee 
Sue Se FP nt 

eS ee 
soy SO 
ca 
f 





sf Etre 


a 
Sy 
i 


ee 
ee 


By 


MITSUBISHI MICROCOMPUTERS 


37705M2-X XXSP,M37705M2AXXXSP 
M37705S1SP,M37705S1ASP 


aageet™ SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





DESCRIPTION 

The M37705M2-XXXSP, M37705M2AXXXSP, M37705S1SP, 
and M37705S1ASP are single-chip microcomputers de- 
signed with high-performance CMOS silicon gate technolo- 
gy. These are housed in a 64-pin shrink plastic molded 
DIP. These single-chip microcomputers have a large 16M 
bytes address space, three instruction queue buffers, and 
two data buffers for high-speed instruction execution. The 
CPU is a 16-bit parallel processor that can also be switch- 
ed to perform 8-bit parallel processing. These microcompu- 
ters are suitable for office, business and industrial equip- 
ment controller that require high-speed processing of large 
data. 

Also, the incorporated motor control circuit makes these 
microcomputers suitable for control of equipment that re- 
quires motor control. 

The differences between M37705M2-XXXSP, M37705M2A 
XXXSP, M37705S1SP and M37705S1ASP are the ROM size 
and the external clock input frequency as shown below. 
Therefore, the following descriptions will be for the 
M37705M2-XXXFP unless otherwise noted. 


| Typename | ROM size _| sternal clock mput frequency | 
|ma77ossiasp_ | external | 16MHZ 


The M37705M2-XXXSP cuts down the pins of M37704M2- 
XXXFP. Refer to the section on M37704M2-XXXFP for the 
functional differences. 












DISTINCTIVE FEATURES 


@ Number of basic instructions: 103 
e@ Memory size ROM a Swed laces Wie 1a) Bae OS ae 90 as 0208, ow Biers 16K bytes 
RAM PE eee Ee OO nk OCR 51 2 bytes 


@ Instruction execution time 
M37705M2-XXXSP, M37705S1SP 
(The fastest instruction at 8 MHz frequency) -----: 500ns 
M37705M2AXXXSP, M37705S1ASP 
(The fastest instruction at 16 MHz frequency):---’: 250ns 


& Single power supply tee eee Ter rine eT EET 5V+10% 
@ Low power dissipation (at 8 MHz frequency) 

Sb coca Wiacerdlelave Gino Sie Ob inroia 0a Wb din a:6s0: F008 Bis elwig e ajerel 8:a's thew siekeweieigee 30mW (Typ.) 
@ Interrupts eee cere reece erence rere r ere eesnesseeres 16 types 7 levels 
@ Multiple function 16-bit timer srt S+3 


(Three-phase motor drive waveform or pulse motor 
drive waveform can be output.) 


PIN CONFIGURATION (TOP VIEW) 


P7,/ANg > 
P75/ANs + 
P74/AN, 
P73/AN3 + [4] 
P72/AN> + [5 | 
P7,/AN, + [6 
P7o/ANo 
P6,/TB1in > [8] 
P6;/TBOn + [9] 
P63/INT, + [10] 
P62/INTo + [11] 54] +> PO3/Ag 
P6/TA4out/RTP15 > +> P04/A, 
P5g/TA8Qur/RTP1. <> +> P0s/As 
P§s/TA2iy/U/RTPI, <> [14] “I[51] +> P06/Ag 
P5,/TA2oyr/V/RTPIg +> [15] [50] +> PO,/A, 
P5o/TA1y/W/RTPO, +> [16] 49] +> P15/Ag/Dg 
P5o/TAlour/U/ATPO0> <> 48] +> P1,/Ag/Dg 
P5,/TAQw/V/RTPO, +> [18 +> P15/Aio/Dio 
P5o/TAQout/W/RTP0 +> [19] C46] > P15/A41/D4 1 
“Ofs] +> P14/Ayo/Dio 
44] +> P15/A13/D43 
> P16/Ay4/Di4 
+> P12/Ay5/Dis 
41} +> P2o/Ai6/Do 
40] +> P2,/Ay7/D, 
+> P2./A19/Do 
+> P23/Ai9/D3 
+> P24/Ao9/D,4 
+> P25/Ao,/Ds 
+> P26/Az0/De 
P3./ALE +> ++ P27/Ao3/D7 
P3,/BHE + a2] +> P3,/R/W 


Outline 64P4B 


164] <> P77/AN7/AD RG 


CW 


40 
X-cWSOZ 


JO 
dS-LSSOZZEW 
4O 
dSXXXVCWSOLLEW 
XX 


dSVISSOZZEWN 





*: Used in the evaluation chip mode only 





APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
general purpose inverter, and measuring instruments 





ree 0) os eee 7 
@ 8-bit A-D converter «srt 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) srr 53 
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FUNCTIONS OF M37705M2-XXXSP 


; : M37705M2-XXXSP, M37705S1SP 500ns (the fastest instructions, at 8MHz frequency) 
Instruction execution time 
M37705M2AXXXSP, M37705S1ASP : 250ns (the fastest instructions, at 16MHz frequency) 




















Memory size 


PO, Pt, P2, P7 iiss 

Po 
Input/Output port 
nput/Output ports 4-bitX 1 


5 -bitX 1 





2 -bitX 1 
: TAO, TA1, TA2, TA3, TA4 16-bitX 5 (3 input/output and 2 output functions) 
Multi-function timers 
TBO, TB1, TB2 16-bitX 3 (2 input functions) 
( 


2 external types, 14 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7 ) 


Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V£10% 


Power dissipation 30mW (at external 8 MHz frequency) 














; Input/Output voltage 5V 
Input/Output characteristic Sa 


, 
. Q, 
- 
. 





Operating temperature range —10~70°C 









Device structure CMOS high-performance silicon gate process 


64-pin shrink plastic molded DIP 
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BASIC FUNCTION BLOCKS 

The functional differences between the M37705M2-XXXSP 
and M37704M2-XXXFP are described below. The 
M37705M2-XXXSP has the same_ functions as_ the 
M37704M2-XXXFP, except these points. Refer to the sec- 
tion on the M37704M2-XXXFP. 


TIMER 

Since timers A3 and A4 have no input pin, timers A3 and A4 
operate only in the modes except for event counter mode 
‘and select only no input function by timer A3 and timer A4 
mode register. . 

Since timer B2 has no input pin, timer B2 operates only in 
timer mode. Therefore, only clock source can be selected 
by the bits 7 and 6 of timer B2 mode register. The bits of 
timer mode register must be “0” except for the clock 
source selection bits. Other timers AQ, Ai, A2, BO and B1 
have the same functions as the M37704M2-XXXFP. 


SERIAL I/O 

Serial I/O is only UART1. UART1 has only the asynchronous 
serial communication function and no clock synchronous 
serial communication function. Therefore, do not select the 
clock synchronous serial communication function (“001”) by 
the serial communication method selection bits (bits 2, 1 
and 0) of UART1 transmit/receive mode register. Since 
UART1 does not have the functions of CTS and RTS, the 
CTS, RTS selection bit (bit 2) of UART1 transmit/receive 
control register must always be “1”. 

Since UARTO has no function as serial I/O, set all the serial 
communication method selection bits (bits 2; 1 and 0) of 
UARTO transmit/receive mode register to “0”. 


INPUT/OUTPUT PINS 

Though the port registers and directional registers for ports 
P4, PS, P6 and P8 have eight bits, the directional register 
bits having no. pins must always be set to the output mode. 
Since port P33 is not available as a pin although it has port 
register and directional register, port P33 must be set to the 
output mode. 


ADDRESSING MODES 

The M37705M2-XXXSP has 28 powerful addressing modes. 
Refer to the Series MELPS 7700 addressing mode descrip- 
tion for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 

The M37705M2-XXXSP has 103 machine instructions. Refer: 
to the Series MELPS 7700 machine instruction list for de- 
tails. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37705M2-XXXSP mask ROM order confirmation form 
(2) Mark specification form for 64P4B 

(3) ROM data (EPROM 8 sets) 


The functional differences between the M37705M2-XXXSP and M37704M2-XXXFP 


M37705M2-XXXSP M37704M2-XXXFP 


I/O port 


(with HLDA pin) 


16-bitX 3 | Timer A with 1/O pins 16-bit 5 


with I/O pins 

with output pins 16-bitX 2 

with input pins 16-bitx 2 | Timer B 
only timer mode 16-bitX 1 


Serial 1/O UART (no clock synchronous serial I/O) X 1 (UART or clock synchronous serial 1/O) X 2 
64-pin shrink plastic molded DIP 80-pin plastic molded QFP . 


Timer 


with input pins 16-bit 3 
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M37705M2-XXXSP | 
ELECTRICAL CHARACTERISTICS (Voc=5v, Vss=0V, Ta=25°, f(Xiy)=8MHz, unless otherwise noted) 


Limits 
rameter | tastcontitene FH 
Typ 
High-level output voltage PQ o~P07, P19~P17, P29~P2z7, 
P39, P3;, P4o>~P4o, P47, 
: is : i lon=—10mA 3 
P5o~ P5e, P6o, P6o, P63, P6s, 
P6., P7o~ P77, P8e, P87 
High-level output voltage PQo~P07, Pip ~P17, P2o~P27, 
Vou g P g m f : e , f lon= — 400A 4. 7 
Po, P3, 
lox=—10mA 3.1 
Von High-level output voltage P32 a Eee 
= lon=—10mA 3. 4 
Von High-level output voltage E = 34 | 
lon=— 400A 


Low-level output voltage PO g~P07, Plp~P17, P29~P27, 
lor =10mA 


P3o, P3), P4p~P4o, P4,, 
VoL Low-level output voltage P59~P5s5 loc =20mA 


P56, P60, PG2, P63, PGs, PG¢, z 
Low-level output voltage PQ 9~P07, Pig ~P17, P29~P27, 
lop=2mA 
P30, P3; 
















































ie P79~P77, P86, P87 
Voi 
loc=10mA 
VoL Low-level output voltage P3, 
lop =2mA 
= loL-=10mA 
VoL Low-level output voltage E 
lop=2mA 
Hysteresis HOLD, RDY, TAOQ\y~TA2jy, TBO, TB1hn, 
Vr4+—Vr— INT. INT. : 
INTo, INT, ADtrg 


High-level input current PQg~P07, P1p~P17, P29~P27, 
P39~P32, P4p~P 40, P47, 
P5o~P56, P6, P62, P63, P6s, 
P65, P79~P77, P86, P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POg~P07, Pigp~~P17, P29~P2;, 
P39~ P32, P4g~P4o, P47, 
P5o~P5., P6p, P62, P63, P6s, 
P66, P7o~P77, P8e, P87, 
Xin, RESET, CNVss, BYTE 











































(Xin) =8MHz, 
square waveform 
Ta=25C when clock 
is stopped. 


In single-chip mode 
output only pin is 

open and other pins 
are Vsg during reset 










Power supply current 





Ta=70C when clock 
is stopped. 








. Parameter Test conditions 
a Resolution Vrer= Voc 
fF Absolute accuracy Vrer= Vcc 
Conversion time 


Reference voltage 















Analog input voltage 
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Timer A input (Count input in event counter mode) 







Timer A input (Gating input in timer mode) 


Symbol Parameter Test conditions 


TAtn Input cycle time 

















Timer A input (External trigger input in one-shot pulse mode) 


Test conditions 












TAtin input low-level pulse width 





Timer A input (External trigger input in pulse width modulation mode) 


Symbol 


TAty input high-level pulse width 
TAty input low-level pulse width 







Parameter 


ee ee ee 
ce ae 





Timer A input (Up-down input in event counter mode) 


Limits 
Symbol Parameter Test conditions p kimits 
sm | Pama tetematone ee 













TAlour input setup time 
TAlour input hold time 
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td(e—P2aQ) Port P2 data output delay time ee 


SWITCHING CHARACTERISTICS (Vcc=5V£10%, Vss=0V, Ta=25°, f(Xin)=8MHz, unless otherwise noted) 
Port PO data output delay time Wes a 
eae 








Single-chip mode 
Min. 
Port P1 data output delay time 
td(e—paaq) Port P4 data output delay time Figure 1 
td(e—psa) Port P5 data output delay time 
Port P6 data output delay time 


Port P7 data output delay time 
Port P8 data output delay time 


\ 


L 











Memory expansion mode and microprocessor mode (when wait bit = “1”) 


i 









ae 







Max. 

aes ee Cas 
| | 120 | ons 
a eee 
eles eee a 
| | 20 | ns 
ee ee ee 
eC aes 





E 
Port PO address hold time 

Port P1 address hold tme (BYTE=“L”) 

Port P1 data hold time (BYTE=“L”) 

Port P1 floating release delay tme (BYTE=“L”) 

Port P1 address hold time (BYTE=“H”) 

| twie.) | Epusewatn 


Figure 1 
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M37705M2AXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, (Xin) =16MHz, unless otherwise noted) 


High-level output voltage POg~P07, P19p~P17, P29~P27, 
P39, P31, P49~P42, P47, 
P5o~ P55, P69, P62, P63, P6s, 
P66, P7o~P77, P8e, P87 


High-level output voltage POQ9~P07, Pip~P17, P29~P2;, 
lon=— 400“A 
P30, P3; 
. lon=—10mMA 
High-level output voltage P32 
lon=— 400A 





Low-level output voltage POg~P07, Pig~P17, P29~P27, 
P39, P31, P4g~P4o, P47, 
P56, P60, P62, P63, PGs, P6¢, 
P7o~P77, P8&., P87 

Low-level output voltage P59~P5, lop =20mA 


lo.=1 OmA 


. = lon=—10mA 
High-level output voltage E 
lox= —400uA 


V 
Vv 
V 
Vv 
V 
Vv 
V 


Low-level output voltage PQ 9~P07, P1op~P17, P29~P27, 
lop =2mA 
P30, P3; 
lop =10mA 
Low-level output voltage P32 
lop =2mA 
= lop =10mA 
Low-level output voltage E 
lo. =2mA 


OH 
OH 
OH 
OH 
OL 
OL 
Ou 
OL 


Vor 
V 


Vei—V Hysteresis HOLD, RDY, TAOin~TA2in, TBOw, TBiw, 
a INTo, INT}, ADraa 


Hysteresis RESET 


High-level input current POo~P07, P19p~P17, P29~P27, 
P39~ P32, P49~P4o, P4,, 
P5o~P5¢, P6o, P62, P63, P65, 
P6., P7o~ P77, P8e, P8;, 
Xin, RESET, CNVgs, BYTE 


Low-level input current PQg~P07, Pl9~P17, P29~P2z, 
P3o9~P3o, P49~ P4o, P4,, 
hie P5o~ P5z, P60, P62, P63, P6s, 
P6, P7o~ P77, P8¢, P8,, 
Xin, RESET, CNVss, BYTE 


RAM hold voltage When clock is stopped 


(Xin) =16MHz, 
In single-chip mode | square waveform 
= pawersinereunent output only pin ie: Ta=25C when clock 
open and other pins | is stopped 
are Vss during reset | T,=70°C when clock 
is stopped. 


A-D CONVERTER CHARACTERISTICS (Voc=5v, Vss=0V, Ta=25, f(Xin)=16MHz, unless otherwise noted) 


ce eee Hy Absolute accuracy Vrer= Voc 


Ladder resistance Vrcr=Voo i 4 
Conversion time ee eres Fe eee Mee oo 


< 
I 
oa 
< 


=< 
| 
rs) 
< 















Reference voltage 
Analog input voltage 












‘ 
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Timer A input (Count input in event counter mode) a % 


ats restorers wn. Ttyp._| 
Typ. 


TAiin input high-level pulse width aaa 


















Timer A input (Gating input in timer mode) 


Test conditions 

| tetcotne Gao 

| tocray | TAiwinputcycletime = —“‘dEC“(‘;C(‘(‘#(NSCEsC SOT |—“(‘isdL:C(SsCidC 
ae 


TAiw input high-level pulse width es Coe 
Timer A input (External trigger input in one-shot pulse mode) 






NO;ol 
oO;o 


N 
(o) 


















est conditions Min | nt 


| Typ. | Max._| 

[iene (ere ee ee 
eae A ee | 
eae aera eee ee 






Timer A input (External trigger input in pulse width modulation mode) 


TAiwy input high-level pulse width 
TAiy input low-level pulse width 





Test conditions 


Timer A input (Up-down input in event counter mode) 


i ee 












TAiout input setup time 
thcr,-uUP) TAlour input hold time 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xin)=16MHz, unless: otherwise noted) 
Single-chip mode 


au 
aera 
ras 
Low 
ine 
—— 
ee 
—— 
7 


Typ 


Unit 



















Port P8 data output delay time 


td(e—p7a) 










ra 
100 | ons 
| 100 | ns | 
100 | ns | 
| 100 | ns | 
| 100 | ons | 
| 100 | ons | 
| 100 |) ons 
| 100 | ons | 
| 100 | ons 





td(e—Ppsa) 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 







yp 


Symbol Parameter Test conditions Unit 


—| 





W 
j=) 


td(poa—e) Port PO address output delay time 
td(e—P1a) Port P1 data output delay time (BYTE=“L”) 
texz(e—p1z) | Port P1 floating start delay time (BYTE=“L”) 





















Ww 
© 





td(pia—e) Port P1 address output delay time 


E) 
E) 


Ww 
© 


BHE hold time 
R/W hold time 
[twee  [Epulsewdth 





Ww 
Oo 






Figure 1 


NO 


N NO 
oO oi 


NN 
onion 


NO 
oi 


és . 


20 





NO 
oi 


ae 
© 
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TIMING DIAGRAM 


tr tf t 
: c t t 
Single-chip mode A pee W(H) ‘ wil) 


aay td(e—poq) 
Port PO output |X 


tsu(Poo—e 


—4 
Port PO input - thie—pop) 


| td(e—P1Q) 
Port P1 output xX 
tsu(p10—) peal 


Port P1 input ie thie—p1p) 


td(e—p2a) 
— | 


ti. 


Port P2 output 


tsu(p20—e) peaeeins 


Port P2 input th(e—p2p) 


td(e—p3q) 


Port P3 output 


yaw) 


tsu(p3p—e) pau 
Port P3 input th(e—pap) 
any td(e—paq) 
Port P4 output X 
tsu(pap—e) OO 
thie— 
Port P4 input h(e—P4p) 
Bag td(e—psa) 
_X 
Port P5 output 
tsu(psp—e) — 
thie— 
Port P5 input i h(——PsD) 
— | td(e—p6aq) 
Port P6 output | X 
tsu(pep—e) 
is 
Port P6 input thie—pep) 
ag tdie—p7a) 
Port P7 output x 
tsu(p7D—) 
Port P7 input ee th ecsees 
ney td(e—psa) 
Port P8 output x 
t = 
Su(P8D—E) 7 
Port P8 input thi e—psp) 
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Memory expansion mode and microprocessor mode(When wait bit = “1”) 


twiL) tw(H) pa 
(Xin) 


$y 


tf tr tc 


- 


sme 1) 


_ Address 


td(e—¢,) 


lc 


mi 


riers 


PELL if 


Port PO output 
‘Ao~Az7) Address 
Port P1 output 

Address 


(Ag~Aj5/Dg~Dis5) Address 


eu eE A 
td(pra—E) 
thke—pra) 


Port P1 output 
aks (eel is 


(BYTE="“H”) | 
—— th(e—piD) 
Port P1 input 


thiace— ron) ed a P2Z) tpzx(E—p2z) 
Port P2 output ae 
a = ress 
t 
at P2Q) Su(P2D— gaa Ea) Wecreo) 
Port P2 input zal 


= 
Port P32 output 
(ALE) 


(BHE) 


Port P39 output 


tp2x(e—P1z) 


~ 
fl 








(R/W) 


Port P4, input 








(RDY) 
Test conditions 
: Vec= 5 V+10% 
* Output timing voltage : Vo. =0. 8V, Von=2. OV 
- Port P1, P2 input > Vi. =0. 8V, Vin=2. 5V 
« Port P4, input ‘ Vit=l. OV, Vin=4. OV 
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DESCRIPTION 
The M37795SJ, and the M37795STJ are 16-bit micro- 


computers designed with high-performance CMOS silicon 
gate technology. These are housed in a 84-pin PLCC. 
These microcomputers have a large 16M bytes address 
space, the instruction queue buffers, and the data buffers 
for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8- 
bit parallel processing. Utilizing its built-in peripheral func- 
tions such as timer system, 10-bit A-D converter and pulse 
width modulator (PWM), the M37795SJ and the 
M37795STJ are especially suited for industrial machinery 
applications that require real time control capability. 

The M37795STJ is a version of the M37795SJ that has 
been upgraded for use in automobile vehicles. Its function 
and performance are same as for the M37795SJ, but it has 
a different operating temperature range which is shown 
below. 

Therefore, the following descriptions will 
M37795SJ unless other wise noted. 


be for the 









Operating temperature range 
M37795SJ —20~75°C 
M37795STJ —40~85°C 





PIN CONFIGURATION (TOP VIEW) 


Eline D1/A17 
ls}+> Do/Aig 
o}<+> D3/Ai9 
fo]=> D4/Az0 

> Ds5/A24 


i~] 
Eline Deg/Az22 
Ril ed D7/A23 


M37795SJ 


P5,/ TASout - 
P53/ TA4our 
P52/TAS3 out +> 


P5)/TA1 out 


M37795STJ 


MITSUBISHI MICROCOMPUTERS 


M37795SJ,M3779SST3 


16-BIT CMOS MICROCOMPUTER 





DISTINCTIVE FEATURES 
@ Number of basic instructions: :csceee rece eect eee eee eee eee 103 
e Instruction execution time 

(The fastest instruction at 8 MHz frequency) --:-500 ns 


@ Single power SUPPly rrr eects eee t ee ee eee re ee eeee sees eens 5V+10% 
@ Low power dissipation (at 8 MHz frequency) ---- 50mW (Typ.) 
® Memory oem renee cere cers eer sscsnecsseresecens ROM/RAM external 
@ Interrupt POP e meee re ererec cree ners eerenseessenscece 20 types, 7 level 
@ 16-bit timer CMe e rece n ee ene renee ree rece erase en seeeeeesesessouresiee 16 
@ PWM I 3 
@ UART (may also be synchronous) Cece cee enncenensensenscenenes 1 
@ 10-bit A-D converter::::::-1-::s err eeeereereees 8 channel input 
@ Watchdog timer Come meee eer eas vase ere soree ees eeceerensceeseeseeeenees 1 
@ Programmable input/output 

(ports P3, P4, P5, P6, P7,) sence cee recneceseeteeccncseeeseres 33 
APPLICATION 


For factory automation system, automobiles and other in- 
dustrial machinery control. 


++ P4)/HOLD 
«++ P4,/HLDA 


| 
El 


+> P42/¢out 


+> P6,/PWM1 
66] > P6;/PWM2 
65] +> P6./PWM3 
or 64] <> P67/INT 


+ P7,/TCists 
61] +> P75/TC2n 

160 | <> P73/TC2srp 
59} > P7,/TC3srp 


Outline 84P0 
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FUNCTIONS OF M37795SJ | 





















500ns (the fastest instructions, at 8MHz frequency) 
a 
ro O™S™OOCCSCSC‘“ KT SCOC—~“C~sSC“S*S*S*S*SCS~*S 


Input/Output port 











Multi-function 16-bit Timer 












4 external types, 16 internal types 
Maskable interrupt factor is capable of setting the Interrupt Priority 
Level (IPL) of 0 to 7 for each factor. 
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Functions 


This is a CMOS input/output port P4o, P4, and P4, have double functions, which can be selected by soft- 
ware 








P49~P4, 

















Input/ 
Output 
1/0 


I/O port P4 








HOLD Hold request signal 

(P49) 
HLDA Hold acknowledge Output When CPU 1s in the hold status, “L” level signal is output 
(P4,) signal 


This is the hold request input to the CPU Input of “L” level sets the CPU in the hold status when the cur- 
rently executing bus cycle is finished. Input of “H” level releases the hold and the CPU resumes execution 











¢out(P42) | System clock output ouput This 1s the external output of CPU system clock (¢) | 
1/O port P5 This is a CMOS input/output port All 8 bits have double functions, which can be selected by softwave 


_ PISO data update by synchronizing with the timer underflow, etc of the timers, TA1~TA8 


pv This ts a CMOS input/output port All 8 bits have double functions, which can be selected by softwere. 
(P6,)| Timer B trigger 
Output pulse of this pin is generated by PWM 


1/0 
1/0 
PWM output nal 
INT(P6,) | External interrupt input input | This is the interrupt input pin Edge sense or level sense can be specified 
P7o~P7, | I/O port P7 This is a CMOS input/output port All 5 bits have double functions, which can be selected by software. 
TC1yy(P79) | Timer C1 clock Input This is the timer TC1’s clock input 
TC1sr_(P7;) | Timer C1 strobe Input This ts the strobe signal input for ttmer TC1’s measurement function 
TC2in(P72) | Timer C2 clock input This is the timer TC2’s clock input. 
TC2sr—(P73) | Timer C2 strobe input This is the strobe signal input for ttmer TC2’s meapurement function. 


TA1 OUT PISO data output 
~TA8our 


( P§o~ P5,) 













This signal is used as the clock input for the timers, TB1~TB4 


This ts the trigger signal input for the timers, TB1, TB3 and TB4 


PISO data update by synchronizing with the timer underflow, etc of the timers, TB1 and TB2 





( P6,~ P6,) 


TC3sra(P74) | Timer C3 strobe This ts the strobe signal input for timer TC3’s measurement function _ 
ANo~AN7 | Analog input port This is an 8-bit analog input pin to the A-D converter 
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Address (Hexadecimal notaion) Address (Hexadecimal notation) 
OOOO): fe 000041 
=< | 
oo000s «| —(s—‘SsSCsSCSCiCizr . 000045 
el 
ie ee ‘coos 
00000B 00004B 
00000C 00004C | +. er Ad counter 
00000D 00004D 
00000E 00004E | Timer Ad reload register 
QOO0OF Port P7 data register 00004F 
o0001i0 fe 000050 
000014 | 000051 
o00012 ee Timer A5 reload register 
000013 Port P3 direction register 000053 
000014 Port P4 direction register 000054 Pinist AG counter 
000015 000055 
000017 000057 
ois | s—“‘(‘“‘zs 000058 
00001B 00005B 
00001D Port P5 operation mode register 00005D 2 
00001E | Port P6 operation mode register O0005E 
00001F Port P7 operation mode register OO005F 
000020 | A-D control register 000060 
oo0021 | 000061 
penne? A-D succesive approximation register paves 
000023 000063 
000024 | eee 000064 | Timer A control register-CW 
000028 | —(—i‘“‘“‘i 000065 | Timer A control register-P/N 
000026 | sess 000066 ‘| Timer A interrupt mask register 
000027 ———- 000067 
000028 000068 Timer Ai PISO register 
000029 | 000069 | Timer A2 PlSOregister 
o0002A | —<—sts—sSS—C‘(‘i‘ Q0006A | Timer A3_ PISO register 
000028 a 00006B 
00002C 00006C 
oo002D | = i —<“—s‘“‘irw Q0006D | Timer A6 PISO register 
Qoo02eE | QOOO6E | Timer A7 PISO register 
ooo02F | 00006F 
000030 000070 
000031 000071 
= oer 
000034 000074 =| Timer D operation control register 
000035 ooo075 | 
000087 oe 
ooooss | rt —“Csi‘“Cs‘“‘“‘sY ooo7e | s—“‘si‘SsCSCszr 
ooooses | rr —(Csi‘SsSCisd ooo079 | C(t‘ 
00003B ooo0o7B [| ——‘i‘SsSCSSzr 
oooosc | —(‘“‘CsSsSCSCSsS oooo7c | Ci‘ 
o0003sD | —“(ti‘“‘“(“(“‘“(‘(‘“‘(‘(‘(‘i;t;SC*r ooo07D [| 
QOoOos9E | rr ( s—“(Cs‘“CsCsSCszS oooo7eE | 
00003F oooo7F {[  ——“(si—‘“CSsSCSCSCsS 
Fig. 2 Location of peripheral devices control registers (1) 
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M37795SJ TIMER SYSTEM BLOCK DIAGRAM 


8-bit prescaler TA1 16-bit reload timer TAlour 
TA2 16-bit reload timer TA2our 
TAS 16-bit reload timer TA3out 


8-bit prescaler TA5 16-bit reload timer TASout 
TA6 16-bit reload timer TA6our 
TA7 16-bit reload timer TAT oie 


TA8 16-bit reload timer TA8our 


TA4 16-bit reload timer TA4our 





TB : 8-bit prescaler o—{751 16-bit reload timer D TBtour 


Pres L So—ITB2 16-bit reload timer TB2our 


oO-—4TB3 16-bit reload timer TB3 
oo—i TB4 16-bit reload timer TB4 





¢ 
TC1w CH Edge | 
TClere pamene -—-O—O-F_8-bit prescaler TC1 16-bit timer 
TCA 
TC2sre Lf edge }—b-3— 8-bit prescacaler, TC2 16-bit timer 
TC3sra | Hf Edge P= 8-bit prescaler TC3 16-bit timer 
Clock divider TD 16-bit reload timer 
Clock divider PWM1 (8-bit counterX 2) r]} PWM1 
Clock divider PWM2 (8-bit counterx 2 | | PWM2 
Clock divider PWMB (8-bit counterX 2) [|] PWM3 
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M37795SJ 
ELECTRICAL CHARACTERISTICS (Vcc=5v+10%, Tag=—20~75C, f(X;)=8MHz, unless otherwise noted) - 


eT 
ees ol ieewaniaren ne 
Ca aa 

loc Power supply current (Note 1) |Ta=25°C when clock is stopped | 
aa 
















Ta=75C when clock is stopped 
Hysteresis TBiy, TBtrg, TC1in, TC2in, 
Vip —-Vr_ y Ins | BtRg IN iN Voc=5V 
TCists, TC2sts, TC3stp, RESET (Note3) > 
Hysteresis HOLD, INT, CLK, CTS/RTS, 
= TF Vec=5V : 
NMI, RDY (Note 4) 


Note 1. When reset with output pins open and connecting input pins to Vss. 
rae Voc™=5V, Tg=25C 
3. Double function except for RESET pin ] 
4. Double function: except for NMI and RDY pins. 






A-D CONVERTER CHARACTERISTICS (AVcc=Vace=5. 12V, Ta=25C, (Xin) =8MHZ) 





Note 1. Input leak current of ANo~AN7 with A-D converter halted 
Input voltage is OS V,;SAVcc. 


TIMING REQUIREMENTS (vVcc=5v+10%, Ta=—20~75C, f(Xiy) =8MHz) ? 


| 
Symbol Parameter 
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RDY characteristics (Vcc=5V+10%, Ta=—20~75T, f(Xin)=8MHz) 


thig-roy) __| RDY input hold time | eo] | Ts 
RDY input setup time 


RDY input hold time 


Note. Follow the characteristics of ¢ or E. 



























¢ OUT 


Le 


E , 


asia 
HOLD characteristics (Vcec=5V+10%, Ta=—20~75°, f(Xin)=8MHz) 


Symbol Parameter 


Min | Typ. 
HOLD input setup time 100 _| 


th(¢—HoLp) | HOLD input hold time = eae 
HLDA output delay time 
























out 
tsu(HOLD—¢) 
P| (¢—-HOLD) 
HOLD 
td(¢—HLDA) 
HLDA 
i 
pte MITSUBISH 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


| : M37795S8SJ,M3779SST3J 


16-BIT CMOS MICROCOMPUTER 





Timer B characteristics (Vcc=5v+10%, Ta=—20~75C, (Xin) =8MHz) 


Symbol Parameter 
yp. 


tsu(tB —¢) TBin input setup tim 
TB, input hold time 


TBsts input hold time 


PISO writing 
td(¢—TBoyr) | TBour output delay time Shifting 
Plural triggering (Note 1) 


Note 1. Shift by TB2 underflow with plural trigger. 





= i. wee! 


? out 


tsu(tBy—¢) | th(¢—Tey) 


tsu(terre—#) | thi¢—teTRG) 


TBrrac 


: 
I 


mi 


td(¢—TB9y7) 
TBout 
(Plso writing) Lo 
td(¢—TBoy7) 
TBout 
tds —TBouT) 
TBourt 


(Plural triggering) 
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UART characteristics (Vcc=5V+10%, Ta=—20~75, (Xin) =8MHz) 


| Typ | Max _| 
| torcxy | CLK inputcycletime 0 EP 
| twiokn) | CLK input high-level pulsewiath 8 
so.[ | | 












NH} oO 
oO © 


» 


te(cK) 







CLK 


INT characteristics (Vcc=5V+10%, Ta=—20~75C, f(Xin) =8MHz) 


INT input high-level pulse width 
INT input low-level pulse width 


, 


| Min. | Typ. | Max. | 
ES ae ae 
ao | | 





tWONTH) 


INT ara 
hector 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Ta=—40~85°, f(Xin)=8MHz) 



























Twin. | tye. [ax 
iwc [AE pimewidh ——OSSC=“*~“*S*~*“‘*S*S*S*S*S*“‘~“~S*S*S*S*SC“s~‘“~*s*s‘“‘~‘~‘~s~s*é‘~sS CYC 
Mtecare-e) | Eend time ater ALE —=SCSCSC~C~“S*S*SCSC“~“<“<CSCS 00 
Ptacaee) [Estar timeaterAlESSSSCSC~C~“~SCSCSCSSCSCSCSCSdSSC 
ee 
tpeviemoz) | Floating release deiytme ——=SC~=“‘“~*S*S*S*~‘“‘~‘“~*~*‘“‘“*~*~*~CS*~*~*~SCSESSSSS 
ar 
aon! 
) 


Note. Limits have guaranties under load capacity of the test pin=100pF including test tool’s capacity. If capacities of pins are much different from each 
other, limits may not be followed. So pay attention to the design of the board. 


eas 
ae 
Ftvace—a) [Address delay time aterAlE—=~=~C~*~“‘“*S*C“‘“~S*S™S*S*S*S*S*S™SCSCSCSCSCS~YSC* 
[10] 
10] 


Test pin 


M37795STJ 


Test conditions for switching characteristics 


Vor valid level 0.2Voc 
Vou Valid level 0.8Vec> 





Fig. 5 Testing circuit 
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Port characteristics (Vcc=5V+10%, Ta=—40~85°, f( Xin) =8MHz) | 


yYMDo arameter ; Min | 











tye. [Max 
Pteuce—e) _|Portmputsouptme SC~—“~*~*~*~*S*~*~*~—“—~*~*s*s*~s~C—s~sSsSC<CS~™SOTC(‘dLSC 
Pte) _[Potinputnoidtme SSC—~—“~*~*~“‘“‘~*S*S*S*S*S*S™S™S™S™™”CCCC*dSC(i‘TSC‘dCSC‘C‘CS 
Port data output delay time Ff 200 








tl, et Mae Se Mowe 


E 
tdie—p) 
Port output 
tsucep—e) | thie—p) 
Port Input 





Timer A characteristics (Vcc=5V+10%, Ta=—40~85T, (Xi) =8MHz) 





PISO writing 
Bot oui 0 a aanetan tie |PISO writing 
‘ Shifting 


m| 


tds TAgur) 
TAout 


; halt 
(80 wating) ae 


td(¢—TAgut) 


es > 


(shifting) 





2 - © mitsuBisHi 
oe ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37795S),M37795ST3 


16-BIT CMOS MICROCOMPUTER 





Timer C characteristics (Vcc=5V+10%, Ta=—40~85°, f( Xi) =8MHz) : 


bol Parameter 
smi ramet Typ. 


| Typ. | Max._| 
| tsucroys) [TCwinputsetuptime 
[ thig-roy) [TCwinputholdtime 
Pecectettlet tal 

a ee: 










Pout 
tsuctow—6) | this —tow) 
TCin =“ 
tsu(tcst——9) thi s—teszp) 
TCste ae 


PWM characteristics (Vcc=5v+10%, Ta=—40~85€, f(Xy)=8MHz) 


Symbol Parameter 


PWMourt output delay time 





out 


ta ¢—PWMouT) 


PWMour 
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TIMING DIAGRAM 


IRR RR RD 


f(Xin) 


tw(ALe) 









te(aLe - E) 
peas 
eee 
: aw 
tozv(e—pz) 
be 
D/A E 
(Reading) 
D/A 
(writing) 
aa 
Ao~Az C Address (low order) = 
ficsees tvie—cont) 
BHE ( BHE(R/W) y 
R/W 
/ 
\ 
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Mode : Immediate addressing mode 
Function :A portion of the instruction is the actual data. Instruction : ADC, AND, CLP, CMP, CPX, 
Such instruction codé may cross over the bank CPY, DIV, EOR, LDA, LDT, 
boundary. ° LDX, LDY, MPY, ORA, RLA, 
SBC, SEP 
ex. : Mnemonic Machine code @x. - Mnemonic Machine code 
ADC A, #+0A5H 6946 Adic ADC A, #+0A5B7H 69,, B7i6 A5i¢ 
(m = 1) (m = 0) 
Memory Memory 
0000,, 0000,, 
Program Program 
A-A+C+ Op Code (69;.) Program owt Program 
< | Operand(AS,,) | Bank Register A~A+C4[A5:01 B70 [— Bank Register 
FFFF,, FFF, 
ex. - Mnemonic Machine code ex. - Mnemonic Machine code 
LDX +0A5H A2,¢6 A5i¢ LDX #0A5B7H A2i¢ Big Adie 
(x =1) (x =0) 
Memory . Memory 
0000,, 0000,, 
Program 
bank-PG Program 
16-bit width Op Code (A216) a, 


8-bit width Op Code (A2,¢) Program Operand (B7,.) Program 
X< <|  Operand (A5,.) _ | Bank Regi X< | ASi6! B76 [= : 
p Aa ank Register Operand (A54.) Bank Register 
FFFF,, FFFF,, 
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Mode : Direct addressing mode 

Function : The contents of the bank-0 memory location spe- Instruction : ADC, AND, ASL, CMP, CPX, 
cified by the result of adding the second byte of CPY, DEC, DIV, EOR, INC, 
the instruction to the contents of the direct page LDA, LDM, LDX, LDY, LSR, 
register become the actual data. If, however, MPY, ORA, ROL, ROR, SBC, 
addition of the instruction’s second byte to the STA, STX, STY 


direct page register's contents result in a value 
that exceeds the bank-0 range, the specified 
location will be in bank-1 


ex. - Mnemonic Machine code ex. - Mnemonic Machine code 
ADC A,02H 6516 024, ADC A,02H 6516 02:6 
(m= 1) (m= 0) 
Memory Memory 
0000,, 0000,. 
pn Bank-0 
Direct page 
FFFF,, [Op Code (6514) _| Code (65,6) register 
+ = 1296 
Direct page z * ” 
register ee: 





Op Code (654) 


Operand (02;,) + = 123646 








ex. : Mnemonic Machine code ex. - Mnemonic Machine code 
LDX 02H A6,,_ 024, LDX 02H A6ig 02:6 
(x = 1) (x = 0) 
Memory Memory 
0000,, 0000,, 
Bank-0 Bank-0 
= H ! an a 
FFFF,, FFFF,, 
Direct page Direct page 


Op Code (A6i.) register Op Code (A64_) register 
16 
Operand (02) | + | 1234.5 |= 12364. Operand (O02;,) | + | 1234.5 | = 12364, 
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Mode : Direct indexed X addressing mode 

Function  : The contents of the bank-0 memory location spe- Instruction : ADC, AND, ASL, CMP, DEC, 
cified by the result of adding the second byte of DIV, EOR, INC, LDA, 'LDM, 
the instruction, the contents of the direct page LDY, LSR, MPY, ORA, ROL, 
register and the contents of the index register X | ROR, SBC, STA, STY 


become the actual data. If, however, addition of 
the instruction’s second byte, the direct page 
registers contents and the index register X’s con- 
tents results in a value that exceeds the bank-0 
or bank-1 range, the specified location will be in 
bank-1 or bank-2. 


ex. : Mnemonic Machine code ex. : Mnemonic Machine code 

ADC A,1EH,X 7516 1Ei6¢ ADC A,1EH,X 7546 1Ei6 

(m= 1, x = 1) (m= 0, x = 1) 

Memory Memory 
0000,, 
A-A+C+ 2 
A+-— 

- 1338 ao 


DATA, 1338,, 
DATA | DATA, == 





FFFF,, 


Direct page Index 
register register X 
Operand (1E 4.6) + [1234,6|+[ 1 E6,6] = 1338,, Operand (1E46) + + = 1338,, 


Direct page Index 
Op Code (7546) register register X 





ex. : Mnemonic Machine code eX. - Mnemonic Machine code 
ADC A,1EH,X 7546 1E,. ADC A,1EH;X 7546 TE 46 
(m= 1, x = 0) (m= 0, x = 0) 
Memory 


Memory 







0000,. 
A~A+C+ 


[para ~ 


A~-A+C+ 


DATA, | DATAL | < 


4338.6 








eh ee Fi FFF, 6 


Direct page Index . 
: Direct pa 
register _ register X page Index 


Op Code (754.) register register X 
5 = . |_Op Code (7516) _| 
—— a | SOEGie|, = 489616 Operand (1Eis)_|+[ 123416 |+| 30E6,, |= 4338,, 








ue MITSUBISHI 
awn ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 7700 ADDRESSING MODES 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Mode . Direct indexed Y addressing mode 


Function  :The contents of the bank-0 memory location spe- Instruction : LDX, STX 

cified by the result of adding the second byte of 

the instruction, the contents of the direct page 
“register and the contents of the index register Y 

become the actual data. If, however, addition of 

the instruction’s second byte, the direct page 

register’s contents and the index register Y’s con- 

tents results in a value that exceeds the bank-0 

or bank-1 range, the specified location will be in 

bank-1 or bank-2. 


ex. : Mnemonic Machine code 
LDX 02H,Y B6,, 024, 
(x = 1) 
Memory 


0000,, 


131Ci.¢ 


x- [a] - 


FFFF,, 





Direct page Index 
Op Code (B6,,) register register Y 
Operand (0246) +[ 12345 |+[ E6,6| = 131C,, 


ex. : Mnemonic Machine code 
LDX 02H,Y B6,¢ 021.6 
(x = 0) 
Memory 


0000,, 


131C4, 


X<| DATA, | DATA, -| 


FFFF,, 





Direct page Index 


Op Code (B6,,) register register Y 
Operand (02,,). | + + | 00E6,, |= 131C,, 
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Mode - Direct indexed X indirect addressing mode 
Function -:The value obtained by adding the instruction’s Instruction : ADC, AND, CMP, DIV, EOR, 
second byte, the contents of the direct page re- LDA, MPY, ORA, SBC, STA 


gister and the contents of the index register X 
specifies 2 adjacent bytes in memory bank-0, and 
the contents of these bytes in memory bank-0, 
and the contents of these bytes in memory bank- 
DT (DT is contents of data bank register) be- 
come the actual data. If, however, the value 
obtained by adding the instruction’s second byte, 
the direct page register’s contents and the index 
register X’s contents exceeds the bank-0 or 
bank-1 range, the specified location will be in 
bank-1 or bank-2 


ex. - Mnemonic Machine code 
ADC A, (1EH, X) 6lig 1Ei¢ 
(m=1,x=1) 
Memory 






ne ee 





i 


Op Code (61,,) 


Operand (1E,,) 


Direct page _ Index 
register —_ register X Program 


+ + =1338;.  { bank-PG 


Data bank 
register 
14004, 


A~A+c+[ patTa]=[ DATA 
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ex. : Mnemonic Machine code: 
ADC A, (1EH, X) 6146 1Ei., 
(m=0,x=0) 


Memory 


DATA I (004, ) 1 0338, 6 
DATAIL (1446) 





eee ee 1FFFF 1, 





Direct page |ndex 
register register X Program 
Operand (1E4.) + + =10338,, bank-PG 


Data bank 
register 





a-ate+[ oars Toma] - | er) a 
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ex. -: Mnemonic Machine code 
ADC A, (1EH), Y 7116 1Ed6 
(m=0,x=1) 
Memory 
Bank-0 
Index 


register Y 7 
125246 DATAI (014.6) 


125346 DATAIL (1246) 





Direct page 


register Op Code (7146) | 
+ Operand (1E,,) 


Data bank 
register 


A+A+C+4+| DATAW! DATA, J= | ee 12E716 
| DATARS 













ex. : Mnemonic Machine code 
ADC A, (1EH), Y 7146 1Ei6 
(m=1,x=0) 
Memory 
Bank-0 
index 
register Y 
FOE6,, | =102E7 


Op Code (71,.) 
Operand (1E4.) 


Direct page 
register 


[1234 | + 







eee ee ee 


Data bank 
register 


a-a+c+[para]—[_oata___| [pt ]+1, 0287, 


/ 
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Mode - Direct indirect long addressing mode 
Function :The value obtained by adding the instruction’s Instruction : ADC, AND, CMP, DIV, EOR, 
second byte and the contents of the direct page LDA, MPY, ORA, SBC, STA 


register specifies 3 adjacent bytes in memory 
bank-0O, and the contents of these bytes specify 
the address of the memory location that contains 
the actual data. If, however, the value obtained by 
adding the contents of the instruction’s second 
byte and the direct page register exceeds the 
bank-0 range, the specified location will be in 
bank-1. The 3 adjacent bytes memory location 
may be spread over two different banks. 
























ex. - Mnemonic Machine code . ex. - Mnemonic Machine code 
ADCL A, (1EH) 6716 1E 16 _ ADCL A, (1EH) 6716 1E 16 
(m=1) (m=0) 
Memory Memory 
125316 125346 
Directpage | eit, bee Pt ae 
register Direct page 
iT Seneena GES register 
+ 
A-A+C 4 DATA | = aoe 1201EF 
16 


A~A+C-+] DATA, | DATA, ~{ 
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ex. : Mnemonic Machine code 
ADCL A,(1EH), Y 7716 1E46 
.(m=0, x=1) 
Memory 
Index 
1252.6 register Y 


DATAII (1246) 





ee meme a 


Direct page 
register 


[12346 | + 


Operand(1E,,) 


ee ee ee 


120210,, 


A+A+C +I DATA, ! DATA, -| 


ex. : Mnemonic Machine code 
ADCL A,(1EH), Y 7716 1E16 
(m=1, x=0) 


Memory 


Bank-0O 
Index 


1252, DATA I (EF;¢) register Y 
1253,, DATA I (0146) + =12E710,, 
1254,, DATATI (12,6) 


es | 





Direct page 
register Op Code(77i6) 
a Operand(1E,,) 


ae i 


a~atc+[oata]< 


12E7101 
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Mode - Absolute addressing mode 
Function :The contents of the memory locations specified Instruction : ADC, AND, ASL, CMP, CPX, 
by the instruction’s second and third bytes and CPY, DEC, DIV, EOR, INC, 
the contents of the data bank register are the JMP, JSR, LDA, LDM, LDX, 
actual data. Note that, in the cases of the JMP LDY, LSR, MPY, ORA, ROL, 
and JSR instructions, the instructions’ second and ROR, SBC, STA, STX, STY 
third byte contents are transferred to the program 
counter. 
ex. > Mnemonic Machine code ex. : Mnemonic Machine code 
ADC A, 0AD12H 6Di¢ 12,6 ADig ADC A, 0AD12H 6Dig 1216 ADi¢ 
(m=1) 3 (m=0) 
Memory Memory 
| 
cperane Ae) 











Data bank 
A~A+C+ register 


DATA DT | AD1 
Ba Be 216 
DATA, 


~ — 


ee een ren 








Data! bank 


A-A+C+ register 


ex. : Mnemonic Machine code ex. - Mnemonic Machine code 


LDX 0AC14H AEi¢ 1416 ACi¢ LDX 0AC14H AE 16 1446 ACig 
(x=1) (x=0) 
Memory Memory 


Op Code (AE,,) Op Code (AE4,) 
Operand (144g) Operand (144.) 


Operand (ACi,) Operand (ACj,) 











Data bank 
register 


DATA 
X +} DATA, |} DATA, -|{ ACI4i, 
H 


re 


Data bank 
register 


x~[OATA | = ACI, 
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Mode - Absolute bit addressing mode 
Function : The contents of the instruction’s second and third Instruction : CLB, SEB 
bytes and the contents of the data bank register 
specify the memory locations, and data for multi- 
ple bit positions in the memory locations are spe- 
cified by a bit pattern specified in the instruction’s 
fourth and fifth bytes (the fourth byte only if the m 
flag is set to 1). 
ex. : Mnemonic Machine code €X. : Mnemonic Machine code 
CLB +5AH, 1234H 1016 3446 1216 5Ai6 CLB #5AA5H, 1234H 1045 3446 1246 A546 5Ai6 
(m=1) (m=0) 
Memory Memory 
Op Code (1C4,) p—---—] 
| Operand (1245) (124.6) Operand (34,6) ! 
Data bank 
fd Se | Data bank 
123446 register 
eG Data bank Heriot 
register 
12344, 
Data bank 
register 
12344, 
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~ 


ex. - Mnemonic Machine code ex. : Mnemonic Machine code 
ADC A, OAD1 2H, X 7D 46 124, AD 4.6 ADC A, 0AD1 2H, X 7D,¢ 1246 ADi«¢ 
(m=1, x=0) (m=0, x=0) 
Memory Memory 










Op Code (7D4.) 
Operand (124.) 
Operand (AD,.) 


Index 


register X 
' Op Code (7Dj.) register X 
| + (Ew | set, em 


+ =BEO00 
Operand (AD,,) - 





Data bank Fre Be ts 
A~A+C+ register Data bank 
DATA | <— | DT | BE00,, register 


DT | BEOO : 
A+A+C +] DATAY: DATA, -| [Dn PeOms 


N 


ex. : Mnemonic Machine code ex. - Mnemonic Machine code 
LDY 0BC12H, X BC. 12;, BC, LDY 0BC12H, X BCi¢ 1216 BCi, 
(x=1) , (x=0) 
Memory Memory 


po Index pateanad e 
Op Code (BC,,) Index 


isin ! 
p Code (BC) _| register X 


+ =BDO00,, Operand (1246) 
Operand (BC;¢) Oped (GG. + =CD00,, 
16 





ee ee 


Data bank 








Data bank 
register ase 
4 = BD00,, | 
[eam] ~| Et] oot 
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ex. - Mnemonic Machine code ex. : Mnemonic Machine code 
LDX 0BC12H, Y BE 1g 1246 BC, LDX 0BC12H, Y BE1¢ 126 BCi, 
(x=1) | (x=0) 
Memory Memory 
a eres | ees Index 
ace register Y 
eran sa 
+ =BD00;, =cp 
+ mie 





Data bank 
register 


BD00,, 
X «| DATA, | DATA, | <— 


Data bank 
register 


X< os CD00, ~<- 
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Mode : Absolute long indexed X addressing mode 


Function 


: The contents of the memory location specified by 


adding the numeric value expressed by the 
instruction’s second, third and fourth bytes with 
the contents of the index register X are the actual 


data. 
ex. -: Mnemonic Machine code ex. 
ADC A, 123456H, X TF i6 5646 3446 1246 
(m=1, x=1) 
Memory 
Op Code (7F4,) Index 
Operand (56,,) register X 
Operand (34;,) +[ PEt, ]=123537;, 
Operand (12,.) 
A+A+C+ A~A+C+ 


[para] = 


123537, 





ex. - Mnemonic 
ADC A, 123456H, X 
(m=0, x=1) 


Memory 


Op Code (7Fi¢) Index 
Operand (56,,) 

Operand (34,.) 
Operand (12,.) 





Machine code 


register X 


uh =132337 1, 


DATA, | DATA, -| 


ex. 


Instruction : ADC, AND, CMP, DIV, EOR, 


LDA, MPY, ORA, SBC, STA 


: Mnemonic Machine code 
ADC A, 123456H, X TF 16 5646 3446 124, 
(m=0, x=1) 

Memory 


Op Code (7F;.) Index 
Operand (564¢) 
Operand (34,,) 


register X 


Operand (1246) 





123537 ,, 


: Mnemonic Machine code 
ADC A, 123456H, X TF 46 5646 3446 1246 
(m=0, x=0) 

Memory 


Index 
register X 
+ [EEEt |] =192207, 








rms ee Se ee 





A-A+C+ 
A-A+C+ 
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Mode - Absolute indirect long addressing mode 
Function : The instruction’s second and third bytes specify 3 instruction : JMP 
adjacent bytes in memory, and the contents of 
these bytes specify the address to which a jump 
is to be made. 
ex. - Mnemonic Machine code 
JMPL(1234H) ‘DCi, 3446 1246 
Memory 
Program 
bank register 
DATA II (A14¢) 
Program 
bank register 
Address to be 
executed next. [Atie]B41216 
DATA II] is loaded in the program bank register 
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Mode - Stack addressing mode 
Function - Register contents are saved to or restored from Instruction : PEA, PEI, PER, PHA, PHB, 
the memory location specified by the stack poin- PHD, PHG, PHP, PHT, PHX, 
ter. The stack pointer is set in bank-O. PHY, PLA, PLB, PLD, PLP, 
PLT, PLX, PLY, PSH, PUL 
ex. - Mnemonic Machine code ex. - Mnemonic Machine code 
PHA 48,, PHA 48,6 
(m=1) (m=0) 
Memory Memory 
| sds Stack pointer Stack pointer 
si{ Le Su S| < 0016[ Sut S| 
) 
Bank-0 Bank-0 
ex. - Mnemonic Machine code ex. : Mnemonic Machine code: 
PHD 0B, PEA + 1234H F416 344, 1246 
Memory Memory 
[Stack pointer 
s2[ ot [5] ey 
s-1 001 
4 Bank-0 Bank-0 
Op Code (F4,,) 
Operand (344,) 
Operand (124.6) 
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Mode : Relative addressing mode 


; Branching occurs to the address specified by the 
value resulting from addition of the contents of 
the program counter and the instruction’s second 
byte. In the case of a long branch by the BRA in- 
struction, a 15-bit signed numeric value formed 
by the contents of the instruction’s second and 
third bytes is added to the program counter con- 
tents. If the addition generates a carry or borrow, 
1 is added to or subtracted from the program 
bank register. 


Function 


Machine code 
9016 Faig 


ex. : Mnemonic 
BCC *-—12 


Branches to the address * —12 if the carry flag (C) 
has been cleared 
Memory 


Address to be 


executed next *—12 


Op Code (90,,) 


Operand (F4,,) ump 









ex. : Mnemonic 
BRA 1234H 


Machine code 
8216 3416 1216 


Memory 


Op Code (82,,) 
Operand (34,.) 
Operand (124.) 


a 


Program 
bank register 


* Address to be 
executed next. 


Program 
bank-PG 


/ 


Instruction : BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, BVC, BVS 


Advances to the address * if the carry flag (C) 
has been set. 
Memory 


Op Code (90,,) 
Operand (F44,) 








ee! 4 
executed next. 1146 ¢ Program 
a bank-PG+1 
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ex. : Mnemonic Machine code. 
BBS +5AA5H, 04H, OF6H 2446 0446 Ad5ig 5A F646 
(m=0) 
Memory Memory 


001238,, 





001238, Beno 
Program 
Address to be bank register 
executed next [1144 FFFE,¢ 
Direct page Direct page 


Sun Op Code (2446) register register 
+ [Fag] = 120 + [dM] = 1298. 
Program | Program 
bank register aqdress to be bank register 
ee 0008,, executed next ee [21d 0008,, 


(Not branch) 





(Branch) 
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ex.  : Mnemonic ‘Machine code 


BBS #5AA5H, 1234H, OF6H 9 =. 2C 45 3446 1246 A516 5Aig F616 


(m=0) 


Memory 


Program 
bank regi 
Address to be gister 
executed next. FFFD¢ 


Jump 
Operand (5Aj4g) Program 
| Operand (F65) | bank register 

[12,6] 000746 





Data bank 
register 


1234,. 





(Branch) 


Memory 


Lt 


Op Code (2Ci,) 


Program 
bank register 
Address to be ain Aciay| [¥2,,]0007,, 


executed next 








Data bank 
register 


1234,, 


(Not branch) 
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Mode - Stack pointer relative indirect indexed Y addres- 


sing mode 
Function : The value obtained by adding the instruction’s Instruction : ADC, AND, CMP, DIV, EOR, 
second byte and the contents of the stack pointer LDA, MPY, ORA, SBC, STA 


specifies 2 adjacent bytes in memory. The value 
obtained by adding the contents of these bytes 
and the contents of the index register Y specifies 
address of the actual data in memory bank-DT 
(DT is contents of data bank register). If addition 
of the 2 bytes in memory with the contents of the 
index register Y generate a carry, the bank num- 
ber will be 1 larger than the contents of the data 
bank register. 






ex. - Mnemonic Machine code ex. > Mnemonic Machine code 
ADC A,(1EH, S), Y 7316 1E4, ‘ ADC A,(1EH, S), Y 7346 1E46 
(m=1, x=1) (m=0, x=1) 
Memory Memory 
Bank-0 
Bank-0 
Index register Y Index register Y 
1252 : 128216 
12534g +[__ {E616 | = 12E716 125316 | DATA Il(42;6) +[_{E616] = 126716 
Stack pointer [> 
. p Code (734.) 
gay + 
+ | Operand (1B) Pf 
Be PO ae aye Data bank 
Data bank A+A+C+ register 


A+-A+C+ 
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Mode : Block transfer addressing mode 


Function _: The instruction’s second byte specifies the trans- Instruction : MVN, MVP 
fer-to data bank, and the contents of the index 
register Y specify the transfer - to address within 
the data bank. The instruction’s third byte speci- 
fies the transfer-from data bank, and the contents 
of the index register X specify the address in the 
data bank where the data to be transferred is 
stored. The contents of the accumulator A consti- 
tute the number of bytes to be transfeered. Upon 
termination of transfer, the contents of the data 
bank register will specify the transfer-to data 
bank. The MVN instruction is used for transfer to 
lower address location. In this case, the contents 
of the index registers X and Y are incremented 
each time data is transferred. The MVP instruc- 
tion is used for transfer to higher address loca- 
tion. In this case, the contents of the index regis- 
ters X and Y are decremented each time data is 
transferred. The block of data to be transferred 
may cross over the bank boundary. 


ex. : Mnemonic Machine code 
MVN 0E2H, OE5H 5415 E2i¢ E54, 


Before transfer After transfer 


Memory Memory 


DATA I 


DATA II 
DATA Il 










E256781.¢ 
Bank-E24., 










Op Code(54,,) 
Operand (E2,,) 


Operand (E5,,) 





DATA I 
DATA II 
DATA Il 
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INSTRUCTION CODE TABLE-1 


0000 0001 0010 0011 0100 0101 jon 0111 1000 1001 soo | son 
Hexadecimal 
ORA ORA SEB ORA ASL ORA ORA ASL SEB ORA ASL ORA 
BRK PHP PHD 
A,(DIR,X) A,SR | DIR,b | A,DIR DIR |A,L(DIR) A,IMM A ABS,b | A,ABS | ABS | A,ABL 
ORA ORA CLB ORA ASL ORA ORA DEC CLB ORA ASL ORA 
1 BPL CLC TAS 
A,(DIR)|A,(SR),Y} DIR,b |A,DIR,X} DIR,X [AL(DIR)Y A,ABS,Y A ABS,b |A,ABS,X} ABS,X |A,ABL,X 
JSR AND JSR AND BBS AND ROL AND AND ROL BBS AND ROL AND 
2 PLP PLD 
ABS _|A(DIR.X)| ABL A,SR_ |DIR,b,R| A,DIR DIR |A,L(DIR) A,IMM A ABS,b,R; A,AABS |} ABS | A,ABL 
AND AND AND BBC AND ROL AND AND INC BBC AND ROL AND 
3 BMI SEC TSA 
A,(DIR),YIA,(DIR)IA,(SR),YIDIR,b,RIA,DIR,X/ DIR,X |A.L(DIR),¥| A,ABS,Y A ABS,b,R/A,ABS,X ABS,X |A,ABL.X 
EOR EOR EOR EOR EOR LSR JMP EOR T (sr EOR 
4 RTI Note 1 MVP PHA PHG 
A,(DIR,X) A,SR A,DIR DIR jA,L(DIR) A,|MM A ABS | A,ABS| ABS | A,ABL 
EOR EOR EOR EOR EOR JMP EOR LSR EOR 
5 BVC MVN 
A,(DIR),YIA,(DIR){A,(SR),Y A,DIR,X} DIR,X 
ADC DC 
A 
















iG 








0000 


0001 








0011 








0100 








0101 





LSR 
LSR 
X {AL(DIR), 
ADC | LDM | A ROR | ADC 
PER 
A,(DIR,X) A,SR DIR | A,DIR | DIR |A,L(DIR 
ADC | ADC | ADC | LDM | ADC | ROR DC . ADC 
7 BV SEI 
A,(DIR),Y|A,(DIR)IA,(SR),Y] DIR,X |A,DIR,X} DIR,X |AL(DIR), A,ABS,Y 
B BRA TA TX 
IR DIR 
L 


~< 


ABL |A,ABS,X| ABS,X |A,ABL,X 


JMP | ADC | ROR | AD 
(ABS) | A,ABS| ABS | A,ABL 
S 













~~ 














0111 


—< 





RTS 
S 
R 





JMP | ADC | ROR | ADC 
(ABS,X) |A,ABS.X ABS,X |A,ABL,X 


C 
TA 
A 


STY STA STX 

ABS |A,ABS| ABS | A,ABL 
LDM | STA | LDM | ST 
ABS |A,ABS,X| ABS,X |A,ABL,X 
LDY | LDA LDX | LDA 


ABS | A,ABS ABS | A,ABL 
Y A 


LD LD LDX | LDA 


A STA STA STY S S STA 
DEY | Note 2 
REL |A(DIRX)| REL | A,SR D A,DIR A,L(DIR) 
STA STA STY STA STX STA STA 
BCC TYA 
A,(DIR),Y ,(SR),Y| DIR,X |A,DIR,X| DIR,Y |AL(DIR),Y A,ABS,Y 
LDY LDA LDA LDY LDA LDX LDA 
A 
IMM_|A,(DIR,X) A,SR DIR | A,DIR |} DIR JA,L(DIR) 
LDA LDA LDA LDA LDX LDA 
BCS 
A,(DIR),Y|A,(DIR)IA,(SR),Y| DIR,X |A,DIR,X} DIR,Y 'A,L(DIR),Y 
CPY | CMP | CLP CPY 
IMM_{A,(DIR.X)} IMM | A,SR DIR 
CMP | CMP | CMP 
BNE 
A,(DIR),Y|A,(DIR)|A,(SR),Y 


1001 TXS | TXY 


TAX PLT 


1 TYX 
ABS,X jA,ABS,X) ABS,Y |A,ABL,X 
X 































CLV 








QO 
= 
U 

















TSX 

CPY | CMP | DEC | CMP 
NY DEX | WIT 

ABS | A,ABS| ABS | A,ABL 

CMP | D CMP CMP CMP | DEC | CMP |’ 

CLM PH 

A,DIR,X| DIR,X |AL(DIR),Y A.ABS,Y L(ABS)|A,ABS,X| ABS,X |A,ABL,X 
B 

NX 


1101 














1110 


CPX 
DIR 





: a ve 
CPX | SBC | SEP | SBC -SBC INC SBC SBC CPX | SBC INC SBC 
| 
A(DIR,X)| IMM | A,SR A,DIR | DIR jAL(DIR) A, IMM ABS |A,ABS| ABS | A,ABL 
SBC | SBC | SBC SBC INC SBC SBC JSR ; SBC INC SBC 
F PEA SEM PLX 
A,(DIR),Y|A,(DIR)|A,(SR),Y A,DIR,X| DIR,X |AL(DIR).Y A,ABS,Y (ABS,X) |A,ABS,X| ABS,X |A,ABL,X 


Note 1 : 42,6 specifies the contents of the INSTRUCTION CODE TABLE-2 
About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2. 
2: 8946 specifies the contents of the INSTRUCTION CODE TABLE-3 
About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2 
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INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 89,,) 


— 0011 0101 1001 | 1010 | 1011 vor 1101 a 1111 
M 
. SR D ABS 
M 
(DIR) DIR,X 


5 
PY 
IR 
mPY | MPY PY “2 MPY 
DIV 
DIR 
. be 


DIR,X 








0010 0110 |; 0111 


; Le 
MP MPY 
; IMM 





ABS,X ABL,X 


DIV 


R SRI 


DIV DIV 


DIV DIV 
; ABS,Y 


— CC = I~ 
Pie. iw) i 
= Oo 
oi 

2 <|5 < 
~~ < ~ 





ABS,X 





~ 


<= 


= oD 
<= > 











D 



















a 
=) 
Bs) 
~< 





a fai 
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MACHINE INSTRUCTIONS 


4 Addressing mode 
symbol Function Pimp |imm | a | oir | vino | biR,x | DIR,Y | (DIR) | (DIR,x) | (DIR),Y 
[op #[o0|m | [op|n | on|n [3 [op 


i ADC Acc,C + Acc +M+C | Adds the carry, the accumulator and the memory contents ff 





(Note 1,2) The result ts entered into the accumulator When the D 
flag is “O”, binary additions is done, and when the D flag 1s 
“1”, decimal addition is done 




















AND 
(Note 1,2) 






Obtains the logical product of the contents of the accumu- 
lator and the contents of the memory The result ts en- 
tered tnto the accumulator 









LES] SAS) F/B | 


es 


ese Eee eed i (a ee a 





















— 
fe?) 


m=0 


[c]~[bis] [bo }+-0 


m=! 


[e]-{ bz] [bo |+-0 


BBC Mb=0 ? 

(Note 3,5) 

BBS Mb=1 ? 

(Note 3,5) 

BCC c=0? 
(Note 3) 

BCS Cc=1? 
(Note 3) 

BEQ zZ=1? Branches when the contents of the Z flag is “1” 
(Note 3) 

BMI N=]? Branches when the contents of the N flag is “1” 
(Note 3) 

BNE z=0? Branches when the contents of the Z flag 1s “0” 
(Note 3) 


BPL N=0? Branches when the contents of the N flag is “0” 
(Note 3) 


BRA PC+-PC+offset Jumps to the address indicated by the program counter 
(Note 4) | PG-PG+1 plus the offset value 

(carry occured) 

PG+-PG~—1 

(borrow occured) 


PC+-PC+2 Executes software interruption 
M(S)+-PG 
S+-S—] 
M(S)+-PCy 
S+-S~—1 
M(S)+-PC;, 
S+-S—] 
M(S)+-PSy 
$+S~—] 
M(S)+-PS_ 
S+-S-] 

I] 

PC. *+ADL 
PCy+ADy 
PG+-001¢6 


BVC V=0? 
(Note 3) 

BVS v= Branches when the contents of the V flag 1s “1” 
(Note 3) 

CLB Mb=+-0 Makes the contents of the specified bit in the memory “0” 
(Note 5) 


1? 
Makes the contents of the C flag “0” 
Makes the contents of the ! flag “0” 
: 


ASL 
(Note 1) 


Shifts the accumulator or the memory contents one bit to 
the left “O” 1s entered into bit 0 of the accumulator or the 
memory The contents of bit 15 (bit 7 when the m flag Is 
“1") of the accumulator or memory before shift 1s entered 
into the C flag 













Tests the specified bit of the memory Branches when all 
the contents of the specified bit is “O” 














Tests the specified bit of the memory Branches when all 
the contents of the specified bit is “1” 






Se TR ees ee ee ee eee ea: eee 





Branches when the contents of the C flag 1s “0” 












Branches when the contents of the C flag is “1” 


















































































Branches when the contents of the V flag is “0” 





Makes the contents of the m flag “0” 








Sb+-0 Specifies the bit position in the processor status register by the bit 
pattern of the second byte in the instruction, and sets “0” tn that bit 


0 
Makes the contents of the V flag “0” 


CMP Acc—M Compares the contents of the accumulator with the contents of 
(Note 1,2) ; the memory 
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Sis RS) 2a (I FS tee eS GE) 
No 
Pe ee IN a ee eee ey ee 
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Addressing mode 
Symbol Function | Fimp | imm | a | oir | DIR. | DIR,X | DIR,Y | (DIR) | (DIR,X) | (DIR),Y 
#|oo 


CPX X-—M Compares the contents of the mdex register X with the 
(Note 2) contents of the memory 

CPY Y-—M Compares the contents of the index register Y with the 

(Note 2) contents of the memory 


DEC Acc*-Acc~1 or Decrements the contents of the accumlator or memory by 
(Note 1) | M-M—1 1 












DEX Decrements the contents of the index register X by 1 
DEY Decrements the contents of the index register Y by 1 


DIV A(quotient)—B,A/M 
(Note 2,10) | B(remainder) 


EOR Acc*-Acc¥M 
(Note 1,2) 

INC Acc*Acc+1 or 
(Note1) | M<M+1 


X-X+1 Increments the contents of the index register X by 1 
SR 


Ey 7 
Yav41 __ineroments the contents ofthe mdexreatsterveyt lela [TTT TTP titi tt it | 
ABS Places a new address into the program counter and jumps Ml . 
2258 | MITSUBISHI 


PC, + AD, to that new address 
ELECTRIC 





The numeral that places the contents of accumulator B to the higher order and the 
contents of accumulator A to the lower order is divided by the contents of the memory 
The quotient is entered into accumulator A and the remainder into accumulator B 












Logical exclusive sum is obtained of the contents of the 
accumulator and the contents of the memory The result ts 
placed into the accumulator 








Increments the contents of the accumulator or memory by 
1 












Mm hme ee 















PCH + ADy 







ABL 

PCL + ADL 
PCy + ADy 
PG+ADg 








(ABS) 
PC, +-(ADn, AD,) 
PCy —(ADy, AD, +1) 








L(ABS) 

PCL —-(ADy, AD,) 
PCy —(ADy, ADL +1) 
PG +-(ADy, AD. +2) 















(ABS, X) 
PC, (AD, ADL +X) 
PCy +-(ADy, ADL +X 
+1) 



















ABS 
M(S)+- PCy 
S+S—] 
M(S)+ PC. 
S-S—] 
PC, + ADL 
PCy + ADy 








Saves the contents of the program counter (also the con- 
tents of the program bank register for ABL) into the stack, 
and jumps to the new address. 














ABL 
M(S)+- PG 
S+S—1 
M(S)+- PCy 
S+S—] 
M(S)+-PC, 
$+S-—1 
PC, + AD, 
PCH + ADy 
PG + ADg 





















(ABS, X) 
M(S)* PCy 

S+-S—1 

M(S)+- PC, 

S+-S—1 

PC, +-(ADy, AD, +X) 
PCy +-(ADy, AD, +X 
+1) 
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; Addressing mode 
Symbol Function Details | IMP | pir | piR,b | DIR.x | DIRY | (DIR) (DIR) | (DIR).Y 
alolselaloalelolals|eels| Te i ie 


ae -—M Enters the contents of the memory into the accumulator |] 
(Note 1,2) 


a. + IMM Enters the immediate value into the memory. 
(Note 5) 
DT + IMM Enters the immediate value into the data bank register HE: 
Enters the contents of the memory into index register X 
er 2) 


| | A 5 | 


| fe [8 | 
J ON) ee | 

















er Se es eee es ee 
ee ae ee es ee ee Ed 
Ey Rs a ey | eee eee 
is ee 
> 
| oN | 




























































M(S)+M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd 
+1) byte of the instruction, and saves the contents into the 
S+S-—1 stack 


M(S)+M((DPR)-+iMM) 
S+s—1 


EAR+PC+IMM2,IMM] 
M(S)+-EAR} 
S+-S—] 
M(S)-EAR, 
S+S—1 






F 
89) 5 
C2 
Enters the contents of the memory into index register Y AQ} 2 AS} 412 2 
Gis 2) 
LSR Shifts the contents of the accumulator or the contents of 46] 7 | 2 5 2 
(Note 1) ind Theo the memory one bit to the right The bit 0 of the accumula- 
m=1 tor or the memory ts entered into the C flag “0” is entered 42 
- into bit 15 (bit 7 when the m flag is “1” ) 4A 
0-[b7| [bo FC 
MPY Multiples the contents of accumulator A and the contents of the mem- 89/16) 3 89/18) 3 89 . 20) 3 a 21} 3 {89/22} 3 
(Note 2,11) ory The higher order of the result of operation are entered into accu- 09 05 15 1 
mulator B, and the lower order into accumulator A 
ae Mn-+i+-Mm-+) Transmits the data block The transmission ts done from 
(Note 8) the lower order address of the block 
ne Mn-t*-Mm—! Transmits the data block Transmission ts done form the 
(Note 9) higher order address of the data block 
NOP PC+-PC+1 Advances the program counter, but performs nothing else EA 2, a Se a ek Sra ecb bak WOME Le tel 
ORA Acc*-AccVM Logical sum per bit of the contents of the accumulator and 2\2 05) 4] 2 512 12/6} 2 7\2 
(Note 1,2) the contents of the memory Is obtained The result is en- 
tered into the accumulator 42| 4) 3 421613 421713 42/1 8/3 ll aa 
09 05 15 12 ll 
M(S)-IMMz2 The 3rd and the 2nd bytes of the instruction are saved into 
$+S-1 the stack, in this order 
M(S)+-IMM, 
S+S-—1 
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Regards the 2nd and 3rd bytes of the instruction as 16-bit 
numerals, adds them to the program counter, and saves 
the result into the stack 




















m=0 
M(S)+-Ay 
$+S-—1 
M(S)*-AL 
S+S-—1 


Saves the contents of accumulator A into the stack 

















m=] 
M(S)—A, 
S+-S—1 











m=0 
M(S)+-By 
S+S—1 
M(S)+-B. 
S+S-—] 





Saves the contents of accumulator B into the stack 











m=1 
M(S)*-B. 
S+S—1 
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Addressing mode 


> 
g 
a 
x< 
o 
= 
~< 
g 
= 


Symbol Function Details 


M(S)*-DPRy Saves the contents of the direct page register into the 
S+S—] stack 

M(S)+-DPR, 

S+-S-—1 
















M(S)+-PG \ | Saves the contents of the program bank register tnto the 
S+S-—1 stack 


M(S)*-PSy 
S+-S—1 
M(S)+—-PS. 
S+S-1 


PHT ‘1 M(S)—DT Saves the contents of the data bank register into the 
S+S-—1 stack 


PHX x=0 Saves the contents of the index register X into the stack 
M(S)*-Xy 
S-S—] 

M(S)*-X, 
S-S-—1 










Saves the contents of the program status register into the 
stack 



































x=] 
M(S)*=-X: 
S+S—1 





x==0 
M(S)*-Yu 
S-S—] 

M(S)<Y;, 
S-S~—1 


Saves the contents of the index register Y into the stack 








x=] 
M(S)+Y. 
S+S—1 


ee eee eee Eee: Ear eee Fe 
cee naa er ey TD CS nen Seenecees 
ee ee 
ee ere eee eee Ee ee ee es 
Pee ee ae ee i, Ne eee ete tae 
ae es Eee) ey ee, Ceene, Caen Cy 


PLA m=0 Restores the contents of the stack on the accumulator A 
S-S+1 
A.*-M(S) 
S+St+] 
Ay*-M(S) 


m=] 
S-S+1 
AL*-M(S) 


PLB Restores the contents of the stack on the accumulator B 












PLD 





S+S+1 
DPR._~-M(S) 
S+S+1 

DPRy*-M(S) 


S+S+1 
PS,-M(S) 
S+S+1 
PSy*-M(S) 


PLT S+S+1 Restores the contents of the stack on the data bank reg- 
DT+-M(S) ister 


PLX x=0 Restores the contents of the stack on the index register X 
S+S+1 
X_-M(S) 
S+S+1 
Xy*-M(S) 






Restores the contents of the stack on the direct page reg- 
ister 


i ee ee 
ee a me a a ee ee ee | 









PLP 







Restores the contents of the stack on the processor status 
register 



















x=] 
S-S+1 
X_+-M(S) 
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Addressing mode 


Symbol Function Details imp fimm | a | or | orb | ox: DIR,Y | (DIR) | (DIR,X) | (DIR).Y 


PLY x=0 Restores the contents of the stack on the index register Y 

S+S+1 

Y_*+-M(S) 

S+S+1 

Yu*-M(S) 

x=] 

S+S+] 

Y_*+-M(S) 






















PSH M(S)+A, B, X= Saves the registers among accumulator, index register, 
(Note 6) direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack 
PUL A, B, X+ +-M(S) Restores the contents of the stack to the registers among 
(Note 7) accumulator, index register, direct page register, data 


bank register, or processor status register, specified by 


the bit pattern of the second byte of the instruction ETT 


RLA m=0 Rotates the contents of the accumulator A, n bits to the 
(Note 13) | n bit rotate left left 
m=1 ; 
n bit rotate left 
L_b7| - | bo | 






























ROL m=0 Links the accumulator or the memory to é flag, and rotates ae 7\2 36] 7| 2 
(Note 1) result to the left by 1 bit 
us 
2A 
m=] 
lee] 






















m=0 


Le-frg= Tat 


Links the accumulator or the memory to C flag, and rotates 
result to the right by 1 bit 





MerPP 7617) 2 
42 
6A 





S+-S+1 
PS,.+-M(S) 
S+S+1 
PSy+-M(S) 
S+S+1 
PC.+M(S) 
S+S+1 
PCy*-M(S) 
S+S+1 
PG+-M(S) 





Returns from the interruption routine 




















RTL Returns from the subroutine The contents of the program 

bank register are also restored 
RTS Returns from the subroutine The contents of the program 

bank register are not restored 
SBC Acc, CAcc—M—C | Subtracts the contents of the memory and the borrow from fe a | fe i a F| F aa 
(Note 1,2) the contents of the accumulator 

oh 
5 E be 
{ XN 
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Symbol 


Function Details | imp |imm | a | pir | oi | diR.x | pir,y | (DIR) | (D1RX)| (DIR),Y 
on eon 


Mb=+-1 Makes the contents of the specified bit in the memory “1” i 


Makes the contents of the C flag “1” 3 


SEB 
(Note 5) 


SEC 


° 


SEL I—1 Makes the contents of the | flag “1”. 
ISEM | Makes the contents of the m flag “1” 


SEP PSb+-1 Set the specified bit of the processor status register’s low- 
er byte (PS,) to “1” 


STA 
(Note 1) 


M+Acc 


EEpaganeaesey ey (ae Oe ae 


3 





n1nH 
4 
U 


TX 


= 
t 
x 


STY M+-Y Stores the contents of the index register Y into the memory. 


TAD DPR+A Transmits the contents of the accumulator A to the direct 
page register 


AS SA Transmits the contents of the accumulator A to the stack pointer 


AX XA Transmits the contents of the accumulator A to the index 
register X 

AY YA Transmits the contents of the accumulator A to the index 2 
register Y. 


Stores the contents of the index register X into the memory. 


4/4 


4 


TSX XS Transmits the contents of the stack pointer to the index |BA| 2 | 1 
register X 

TXA AX Transmits the contents of the index register X to the accu- |8Aj 2 | 1 
mulator A 


TXB B+-X Transmits the contents of the index register X to the accu- [42 


mulator B 8A 


Transmits the contents of the index register X to the stack a 


pointer. 


TBD DPR+-B Transmits the contents of the accumulator B to the direct |42) 4 |2 
page register 5B 
TBS S+-B Transmits the contents of the accumulator B to the stack 2 
pointer. 
TBX XB Transmits the contents of the accumulator B to the index /42 
register X. ‘AA 
TBY Y-B Transmits the contents of the accumulator B to the index |42 : 
register Y A8 
TDA A+DPR Transmits the contents of the direct page register to the |7Bj 2 
accumulator A. 
TDB B--DPR Transmits the contents of the direct page register to the |42| 4 |2 
accumulator B. 7B 
TSA AS Transmits the contents of the stack pointer to the accumulator A 3521] | iz me z al bald 
TSB B--S Transmits the contents of the stack pointer to the accumu- |42) 4 | 2 
lator B. 3B 


=e, 
) 
7) 
f 
x 


TXY Y*+X Transmits the contents of the index register X to the index 
register Y 


> 
t 
< 


mulator A. 





Transmits the contents of the index register Y to the accu- 


register X. 


Ww Stops the internal clock. cal 3|1| 


XAB ASB Exchanges the contents of the accumulator A and the con- |89/ 6 | 2 
tents of the accumulator B 28 
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The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is 
calculated for DPRL=0. The number of cycles in the addressing mode concerning the DPR when DPR_+0 must be incremented by 1 

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even. It also differs when the external region memory is accessed by BYTE=“H” 


Note 1. The operation code at the upper row ts used for accumulator A, and the operation at the lower row is used for accumulator B. 
Note 2. When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1 


f 


Note 3. The number of cycles increments by 2 when branching 


BS 


Note 4. The operation code on the upper row Is used for branching in the range of —128~+127, and the operation code on the lower row is used for 


branching in the range of —32768~+32767 
Note 5. When handling 16-bit data with flag m=0, the byte in the table is incremented by 1 


Note 6. 


| Type of register | A | B | X | Y | DPR| DT | PG | PS | 
[Number ofcycles]_ 2 | 2 | 2 | 2 | 2 | 1 | 1 J 2 | 


The number of cycles corresponding to the register to be pushed are added The number of cycles when no pushing ts done is 12 1, indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while Iz indicates the number of registers among DT and PG to be saved. 


Note 7. 


| Type ofregister | A | B | X | Y | DPR| DT | PS | 
[Number ofcycles{]_ 3 [| 3 | 3 | 3 | 4 | 3 | 3 | 


The number of cycles corresponding to the register to be pulled are added The number of cydles when no pulling is done 1s 14 1; indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while i2=1 when DPR is to be restored 
Note 8. The number of cycles is the case when the number of bytes to be transfered is even 
When the number of bytes to be transfered is odd, the number !s calculated as, 
7+ (1/2) X7+4 
Note that, (i/2) shows the integer part when | 1s divided by 2. 


[<e) 


Note 9. The number of cycles is the case when the number of bytes to be transfered is even 


When the number of bytes to be transfered is odd, the number Is calculated as, 
9+ (i/2) X7+5 
Note that, (1/2) shows the integer part when 1 1s divided by 2 
Note 10. The number of cycles ts the case in the 16-bit+8-bit operation. The number of cycles 1s incremented by 16 for 32-bit 16-bit operation. 
Note 11. The number of cycles is the case in the 8-bitX8-bit operation The number of cycles is incremented by 8 for 16-bit X 16-bit operation 
Note 12. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1 


Note 13. When flag m ts 0, the byte in the table is incremented by 1. 
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. 


PIN DESCRIPTION (NORMAL MODE) 


Voc; Vss 


CNVss 





Xin 


BYTE 


AVcc, AVss 


Vrer 


P0Oo~~ P07 


Plo~P17 


x 2 
: : 
— 


P2o~ P27 


P30 P33 I/O port P3 1/0 


I/O port P4 


P4o~ P47 


P50~ P57 


P60~ P67 


P7)>~P77 


P89~ P87 


Power supply 


Input/Output 


CNVsg input Input 


Reset input 


Clock input 


Clock output 
Enable output 


Bus width selection input 





Analog supply input 
Reference voitage input 


I/O port PO 


1/O port P1 
I/O port P2 


1/O port P5 
I/O port P6 


1/0 port P7 1/O 


1/O port P8 




























= 
Oo 


1/O 


1/0 


1/0 


1/O 


1/0 


1/0 


Supply 5V+5 % to Vcc and 0 V to Vsg 
This pin controls the processor mode. Connect to Vgg for single-chip mode. 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time 


a 


These are I/O pins of internal clock generating circuit Connect a ceramic or quartz crystal resonator be- 
tween Xj and Xour When an external clock is used, the clock source should be connected to the Xjjy pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Power supply for the A-D converter Connect AVcc to Vcc and AVsgsg to Vss externally. 
This ts reference voltage input pin for the A-D converter. 


In single-chip mode, port PO becomes an 8-bit !/O port An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)1s output in memory expansion mode or microprocessor mode 








In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus 1s 16-bit width, high-order data 
(D1s~Dg)is input or output when E output 1s “L” and an address (A1s~Ag) is output when E output ts “H” 

if the BYTE pin is “H” that is an external data bus 1s 8-bit width, only address(Ais~Ag) ts output. 





In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp- 
rocessor mode low-order data(D7;~Do) 1s input or output when E output is “L” and an address(Az3~Ajg) is | 
output when E output is “H”. 


In single-chip mode , these pins have the same functions as port PO In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 








In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode Port P42 can be programed for ¢, output pin divided the clock to Xiy pin by 
2 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3 ; 





In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT;, and INT» pins, and input pins for timer BO, timer B1, 
and timer B2 





In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN;7 input pins P77 also has an A-D conversion trigger input function. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1 
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EPROM MODE | Connect the clock which is either ceramic resonator or ex- 
The M37700E2-XXXFP features an EPROM mode in addi- ternal clock to Xin pin and Xour pin. 
tion to its normal modes. When the RESET signal level is Table 1 Pin function in EPROM programming mode 


“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 2 gives eee eee 
the pin connections in the EPROM mode. oe We 
: Vee | CNVss, BYTE | Vee 
Oe ee 
CNVss and BYTE are aero fee EPROM (equivalent to 
the M5M27C256K). When in this mode, the built-in PROM 
[ Datavo | PonP2 
ee es eet 





can be written to or read from using these pins in the same 
way as with the M5M27C256K. 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 4000,,~ 7FFF,. for the M37700E2- 
XXXFP. 





-_- P7.2/ANod 

+ P73/AN3 

> P74/AN, 

— P7s5/ANs 

++ P77/AN7/ADrre 
+> P8,/CLKo 


+> P76/ANg6 
|B] ++ P89/CTSo/RTSo 


Ei 
~~ 


[3 i> P71/AN, 
3 | ++ P82/RxDo 
El - P83/TxDo 


Fal 
El 
PS] 
El 
on 
S| 


P7>/ANo +L. 64) «> P8,/CTS,/RTS, 
P67/TB2in +> L2 63] <> P8<./CLK, 


+> P1o/Ag/Dg 
51] +> P14/Ag/Dg 


! 


d4jXXX-csAO00ZZEW 


as 
= 
|g 


P4./¢1,< [42] +> P2./A;,3/D2—————o) 
P4,/RDY + 41] +> P23/A;9/Ds © 


fl 


P49/HOLD <> 


(s)>———P24/A20/Da => [5 


* * Connect to ceramic oscillation circuit 
Outline 80P6 > : Same functions as M5M27C256K. 





Fig. 1 Pin connection in EPROM programming mode 
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AC waveforms 


PROGRAM VERIFY 
va Laie este 
Vie 
Vin/Von pa 
DATA | DATA SET y ( series haa 
kta [PE 
vee esa fe 


Vec 
Veo#1 


< 
a) 
Uv 
—_ 
< 
Uv 
n 


2 < 
< < 
pa rc 
5 
eo 
Pie 
ae Pe aw 


Voc 


a | 


Vin 


Fast programming algorithm flow chart 


START 
ADDR=FIRST LOCATION 


Vec=6. OV 
Vpp=1 2.5V 


PROGRAM ONE PULSE OF Ims 
X=X+1 
Kes YES : 
PROGRAM/VERIFY FAIL [DEVICE 
FAILED 












ONE BYTE 


PROGRAM PULSE 
OF 3Xms DURATION 
INCREMENT ADDR LAST ADDR ? 


YES 
Voc=Vpe= *5.0V 
VERIFY FAIL DEVICE 
ALL BYTE FAILED 
PASS 


DEVICE PASSED *4.75<Voc=Vpp<5. 25V 


PASS 
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ABSOLUTE MAXIMUM RATINGS 


\ 






Symbol Parameter 
Voc Supply voltage : 
AVcc Analog supply voltage 
Vv; Input voltage RESET, CNVgs, BYTE 
Input voltage POg~P07, P1p~P17, P29~P27, P389~P33, 










P49~ P47, P59~P57, P69 P67, P79~P77, 
P89~ P87, Vrer, Xin 
Output voltage POo~P07, P1p~P17, P29 ~P27, P39 ~P33, 

P49~ P47, P5g~P57, P6p~P67, P79>~P77, 


P8o~ P87, Xout, E 


| Pq Power dissipation 
Toor Operating temperature 
Tsta Storage temperature 




















Tg=25C 











Note 1. Input voltage for CNVss and BYTE pins !s 13V in writing to PROM 






Ratings fa 


r=; 3~Voect0. 3 


500 
“10-70 












—(0, 3~Vocto0. 3 





—40~125 


RECOMMENDED OPERATING CONDITIONS (Vcc=5v+5%, Ta=—10~70°, unless otherwise noted) 































Parameter 


Analog supply voltage 





High-level input voltage POg~P07, P3p~P33, P49~ P47, 
P5o~ P57, P6g~ P67, P79>~P77, 
P89~P87, Xin, RESET, CNVszg, 
BYTE 
High-level input voltage P19p~P17, P29~P27 
(in single-chip mode) 















High-level input voltage P19~P17, P29~P27 





microprocessor mode) 
Low-level input voltage PO9~ P07, P39~P33, P4o~P4, 
P5o~P57, P69~ P67, P7o~P77, 
P89~P87, Xin, RESET, CNVgs, 
BYTE 
Low-level input voltage. P19~P17, P29 ~P27 
(in single-chip mode) 










Low-level input voltage P19~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 








High-level peak output current POg~P07, P1l9~P17, P29~P27, 
P39~P33, P4g~P47, P5p~P5r, 
P60~ P67, P7o~P77, P8~ P87 
High-level average output current POgo~P07, Plo~P17, P2o~P27, 


P39~P33, P4g~P47, P5o~P57, 
P6o~ P67, P7o~ P77, P8o~ P87 

Low-level peak output current PO9~P07, Pip~P17, P29~P27, 

lo-(peak) P39~ P33, P4g~P47, P5o~ P57, 
P69~ P67, P79~P77, P8o~ P87 

Low-level average output current POg~P07, Pio~Pt17, P2o~P27, 

P39~P33, P4o~P47, P5o~P5z, 
P69~ P67, P7o~P77, P89~ P87 















Analog supply voltage 


(in memory expansion mode and 


M37700M2-XXXFP, M37700SFP 
Fox) External clock frequency input 
M37700M2AXXXFP, M37700SAFP 









































< 
zo 
N 


Note 1. Average output current is the average value of al00ms interval 
2. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less 
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TIMING REQUIREMENTS (Voc=5V+5%, Vss=0V, Ta=25, f( Xin) =8MHz, unless otherwise noted) 
External clock input 


Symbol Parameter Test conditions 


Ptr [External clockrise time 
rit [extemal clock tal time 
















Unit 


= 
se} 






NO 
oO 







N 
oO 


Single-chip mode. 


Port PO input setup time 


T 


Test conditions Unit 









< 
ne) 





NTN 
oO}oO 
O;1o 


NO 
fo) 
Oo 


A 
So 
oO 


NO 
OQ 
oO 


Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 

























NPM TR ER 
oO;oO;o;1O 
CO};O;O;O 








Memory expansion mode and microprocessor mode 


Port P1 input setup time 
Port P2 input setup time 


c. 
3. 
-_ 
7) 


Test conditions Unit 








< 
TG 










| 
RDY input hold time 


~ 
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Timer B input (Count input in event counter mode) 






















Timer B input (Pulse period measurement mode) 


Symbol Test conditions 
TBin input cycle time 











Parameter 








Timer B input (Pulse width measurement mode) 














A-D trigger input 


ADtrcg input cycle time (minimum allowable trigger) Pe 
ADrag input low-level pulse width Le eee 






Twin [typ | wax 
cs 
a 












Serial I/O 


Symbol Parameter Test conditions Unit 


CLKt input high-level pulse width 









an 

Cs ee 
two) | CLKI mputtow-lovel pulse wih ————SSSC*d is 
Ftavoay | TaDt output dolaytine———SSSSSSSSCSCS~C~“—CSCS~—SsSd 
Cinema) | Tsbinadtime Sd a 






External interrupt INTi input 





Symbol Parameter Test conditions 
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SWITCHING CHARACTERISTICS (Vec=5V£5%, Vss=0V, Ta=25C, f( Xin) =8MHz, unless otherwise noted) 
Single-chip mode 


Symbol Parameter 


td(e—poa) Port PO data output delay time 


| tde—pia) Port P1 data output delay time 
Port P2 data output delay time 
Port P3 data output delay time 
Port P5 data output delay time 
Port P6 data output delay time 


yp 


Port PO address output delay time 
) 


—_d 
nN 
© 


Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 
| te Head: HLDA output delay time 
Se ee Figure 2 
td(e—¢,) ¢, output delay time 
Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 
Port R2 address hold time 
Port P2 floating release delay time 
BHE hold time 


wat 
ho 
aioli - jan 


é 
i=) 


—! 
NO | O1)] OF on; or; oO ol © 
O;O;O O};O;oO >) oO 


; 
© 





W 


N 
ye) 
oO 
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TIMING REQUIREMENTS (Vcc=5V+5%, Vss=0V, Ta=25C, f( Xin) =16MHz, unless otherwise noted) 
External clock input 


: 
Symbol Parameter Test conditions Min | Typ | Unit 


Min | Typ | Max__ 

External clock input cycle time Po is 

External clock input high-level pulse width 2. +, 
25 












External clock input low-level pulse width [| 2 | | ons | 
| tr | External clock rise time er ae ee a ee ee 
[ty | External clock fall time a es ee ee es 











Single-chip mode 






















Symbol Parameter | Test conditions 
eee | Min | Typ | Max 


Port PO input setup time 


tsu(p1p—e) Port P1 input setup time 























tsu(p2D—e) Port P2 input setup time 


Port P3 input setup time 
Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P8 input setup time 
Port PO input hold time 
Port P1 input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 0 

Port P6 input hold time 0 

a ee ere 
Port P8 input hold time ee 

































































Memory expansion mode and microprocessor mode 


Port P1 input setup time 
Port P2 input setup time 
b) 
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Timer B input (Cont input in event counter mode) 


Limits 


Tye. [Max 
ent Gs ee ee ee 
re a (Sa 













TBiy input high-level pulse width 











Timer B input (Pulse period measurement mode) 


Limits 
Symbol Parameter Test conditions | kimits_ 


TB input cycle time 


00 











Timer B input (Pulse width measurement mode) 


Limits 
Symbol Parameter Test conditions kimits 
ee ee ee 














A-D trigger input 


: | 
Symbol Parameter Test conditions 


ADtrg input cycle time (minimum allowable trigger) ea te oe il 1000 
ADrag input low-level pulse width heed oe een eal eee 





Serial I/O 


Symbol Parameter Test conditions 
[sym [_tesemnnon a 


twcoxn) | GLKTinput high-level pulse with ———SSSSSCSSCSCS~sCSCSSCSSSSSSC 
tvccnuy | GLK nputowievel pulse wth Si 
ena aad 
aaa 












thic—a) TxDi hold time 
RxDi input setup time’ 


External interrupt INTi input 


Symbol Parameter Test conditions Min. | 


INTi input low-level pulse width 
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Memory expansion mode and microprocessor a (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter —Testeonattons conditions Unit 


Typ. 
Tes 
eee, Port P2 data Redeide delay time 


oa. HLDA output delay time delay time 




























5 
1) 


ALE output delay time 


td(ace—e) 





tWw(ALe) ALE pulse width 


td(BHE—E) BHE output delay time 
td(R/w—eE) R/W output delay time 
Figure 2 
td(e—¢,) ¢, output delay time 
th( eE—Poa) Port PO address hold time 
thiate—pia) | Port P1 address hold time a ‘L”) 
thce—piaq) | Port P1 data hold time (BYTE=“L 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 


th(e—P1a) Port P1 address hold time (BYTE=“H 
th(ace—p2a) | Port P2 address hold time 


P| 
7) 


NR Oo 
© o>) o1 o 
7) 


PO ae oom ed 
NIM MIM PD NYMR N oO oO on 
O;O};O/o;o1 ony O11; O71 oO oO or Oo 


thc e—p2aQ) i ne P2 data hold time 


a ine Port P2 | Port P2 floating release delay time = s—i—i—is@Y release delay time 
thiscone [BEE nee BHE hold time 





| the-aw) |R/Wholdtme | R/W hold time 


| tween) | Epulsewith 
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tecta) — 












* twitaH) 


TAiin input 


tecup) 
TAiour input | 
te(TB) 
TBiw input 
: teva) 
te(ck) 
CLKi 
thic—a) 
ees amen ee 
RxDi 


twanu) 
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Memory expansion mode and microprocessor mode(when wait bit=“0”, and external memory area is accessed) 


(Xin) 


$y 


m| 


Port PO output 
(Ao~A7) 


Port P1 output 
(Ag~Ai5/Dg~ D5) 
(BYTE=“L”) 


Port P1 output 
(Ag~Ais) 
(BYTE=“H”) 


Port P1 input 


Port P2 output 
(Aie~Az3/Do~D7) 


Port P2 input 


Port P33 output 
(HLDA) 





Port P32 output 
(ALE) 


Port P3, output 
(BHE) 


Port P39 output 
(R/W) 





tdie—4,) 


of 
58 


saws 1) 


td(poa—e) 


thiace— al 
Cm {oe 


tezx(e—P1z) 


texz(e—p1z) 


ae 


DENSE 


_— Address 






db ana 
Iw TD 


[eos 1) 
miami, : 


tezx(e—p2z: 





} 
= td(p1A—e) 





Address 


thcace— mm! ea texz(e—p2z) 
=e <a 


- ALA 








Port P4, input 
(RDY) 
Test conditions 
. Vec= 5Vt5 N 
* Output timing voltage * Vo. =0. 8V, Voy=2. OV 
* Ports P1,P2 input > Vip =0. BV, Vin==2. 5V 
* Port P4, input ViL=1. OV, Vin=4. OV 
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Data Bus(Even) 
Data Bus( Odd) 
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Data Buffer DB,,(8) 
Data Buffer DB,(8) 
Instruction Queue Buffer Qo(8) 
instruction Queue Buffer Q1(8) 
Instruction Queue Buffer Qo( 
Incrementer (24) 
Data Address Register DA(24) 
Incrementer/Decrementer (24) 
Program Bank Register PG(8! 
Data Bank Register DT(8) 
Input Buffer Register 1B(16) 
Accumulator B(16) 
Accumulator A(16 
Arithmetic Logic 
Unit(16) 





Program Address Register PA(24) 

Processor Status Register PS(11) 
Direct Page Register DPR(16) 
Stack Pointer S(16) 
Index Register Y(16) 
Index Register X(16 
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oO 
= 
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PIN DESCRIPTION 


Vee, Power supply 
Vss 


— 
Xin 


as Enable output 


BYTE Bus width selection input 
AVcc, Analog supply input 
AVss 


Reference voltage input 


POQo~P07 1/0 port PO 


P1o~P17 1/O port P1 1/0 


P29~P27 1/O port P2 1/0 
ak VO port P3 vO 


P4>~P42, | 1/O port P4 1/0 
P4, 


P5o~ P57 1/0 port P5 1/0 
P62~P65 1/O port P6 1/0 
P79~P7o, 1/O port P7 1/0 
P77 ‘ 

P89~P8s3, 1/O port P8 1/O 
P8., P87 


| 


Supply 5 V+ 5 % to Voc and 0 V to Vss. 






This pin controls the processor mode. Connect to Vsg for single-chip mode. 













To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required 
time. 






These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xj pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin ts “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus Is 
8-bit width or 16-bit width The width ts 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Power supply for the A-D converter Connect AVcc to Voc and AVssg to Vsg externally 


This is reference voltage input pin for the A-D converter. 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Apo)is output in memory expansion mode or microprocessor mode. 








= 
.@) 









In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external, data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ajs5~Ag) ts output when E output is “H” 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s5~Ag)1s output. 












In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Azg3~Ai6) IS 
output when E output is “H” 







In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 






In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively Functions of other pins are the 
same as in single-chip mode Port P42 can be programed for ¢, output pin divided the clock to Xin pin by 
2. 









In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3 








In addition to having the same functions as port PO tn single-chip mode, these pins also function as external 
interrupt input INTo, INT;, and INT» pins, and input pins for timer BO 







In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANg~ANg2 and AN; input pins. P77 also has an A-D conversion trigger input function 








In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 
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EPROM MODE 

The M37701E2-XXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 1 gives 
the pin connections in the EPROM mode. 

When in the EPROM mode, ports PO, P1, P2, P5;, P5o, 
CNVsg and BYTE are used for the EPROM (equivalent to 
the M5M27C256K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C256K. 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 4000,,.~ 7FFF,, for the M37701E2- 


AVocc 
Vrer 
AVss 


P63/INT, + 
P6,/INTy + 
P57/TA3y 
P56/TA3out 
P55/TA2in 
P54/TA2our 
—P53/TA1 iy 
CCE)}———P5,/TAl out 
COE) P5,/TA0On > 
P5o/TAQout + 
P4,+ 
P4./ $4 +> 
P4,/RDY 
P4,/HOLD 
BYTE — 
(eee ae 
RESET > 


*| 
SS Xour = 
Es 
Vss 
P3./ALE «+ 
P3,/BHE «+ 


Fig. 1 Pin connection in EPROM programming mode 


dSXXX-ZALOZLZEW 


Wss) 
Outline 64P4B 


XXXSP. . 
Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xj pin and Xoyrz pin. 


Table 1 Pin function in EPROM programming mode 


| serbian naereasat — 
i 
Do 
CE 









Address input Ports PO, Pto~Pt. ~Ai4 
Data 1/0 Port P2 
CE nee Po OE as 











t 


Voc 
++ P8,/CTS/RTS 5 
+> P8,/CLKo 
++ P8./RxDo 
+> P83/TxDo 
++ P8,./RxD, 
++ P8,/TxD, 
++ P0o/Ao 
+> P0,/A, 
+>.P02/A2 
+> P03/A3 
+> P04/A, 
+> P05/As5 
++ P06/Ag 
++ P0,/A; 
++ P1o/As/Ds 
++ P1,/Ag/Do 
> P12/Ayo/D1p ——@) 
++ P13/A;,/D,;-——>—@p 
+> P14/A;2/D42.————@d 
+> P15/A;3/D,3 ———@ 
+ P16/A;4/Dy4———@1) 
+> P17/A;5/D45 
+> P29/A;6/Dp ——o 
<= P2;/Aiz/D,; Dd 
++ P2,/A,3/D2———2 
++ P23/A,9/D3 ©) 
+> P24/Az0/D,4——04) 
+> P2;/A>,/Ds-—————08 
+> P26/Az0/De 
++ P27/Ao3/D7 ————8) 
+> P39/R/W 


Mn 


! 


* : Connect to ceramic oscillation circuit. 
(> : Same functions as M5M27C256K. 
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\ 


AC waveforms 





PROGRAM | VERIFY | 
9: eae 
Vie 
Viw/Von , 
DATA qT DATA SET , 4 eae e 
in = a oe = 
Vpp pau (a 


Voc 


Veco+] i 

Vcc ie 
_ Vin 
i 

Vin a 

oat as toe en 

oe as [tow 
OE 


Fast programming algorithm flow chart 


< 
z 
2 
Comal 
< 
5] 
o 


< 

3) 

O 
< 
ea 8 
7) 


START 


ADDR=FIRST LOCATION 


Vec=6. OV 
Vpp=1 2. 5V 


5 PROGRAM ONE PULSE OF Ims 
X=X+1 
Kes YES 
PROGRAM/VERIFY FAIL [DEVICE 
ONE BYTE FAILED 


PASS PASS 


PROGRAM PULSE 
OF 3Xms DURATION 
INCREMENT ADDR LAST ADDR ? 


YES 
Voc=Vpp= 7” 5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 
PASS 


DEVICE PASSED *4.75<Voc=Vpp<5. 25V 
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ABSOLUTE MAXIMUM RATINGS 


7 


| _Unit | 
aed 
input voltage POg~P07, Pip~P17, P29 ~P27, P39~P3s, : F 
P79~P7 2, P77, P89~P83, P86, P87, Vrer, Xin 
(cr: eee 


V 
V 
Vv 
V 
Output voltage POg~P07, Plo~P17, P29~P27, P3p~P32, 
—(0. 3~Voc +0. 3 V 


P4p~P4o, P4,, P5o~ P57, P6.~P6s, 
Power dissipation Ta=25C mW 


P7p~P7>, P77, P897~P83, P8¢, P87, Xour, E 
Operating temperature a 
Storage temperature —40~125 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+ 5%, Ta=—10~70T, unless otherwise noted) 


Supply voltage 2 : 
Analog supply voltage ae Voc 
Analog supply voltage fT lo 


High-level input voltage POp~P07, P89>~P32, P4g~P4o, P47, 
P59~ P57, P62~~P6s, P79~P7o, P77, 
P89~ P83, P8., P87, Xin, RESET, 

CNVss, BYTE 




































































High-level input voltage P1p9~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 
Low-level input voltage POg~P07, P89~P32, P4g~P42, P47, 
P5o~ P57, P62~P6s, P7o~P7o, P77, 
P89~ P83, P8¢, P87, Xin, RESET, 
CNVss, BYTE 
Low-level input voltage P1p~P17, P29~P27 
(in single-chip mode) 
























Low-level input voltage P19~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 













High-level peak output current PQg~P07, P19~P17, P29~P27, 
P39~P32, P4g~P 42, P47, 
P59~P57, P62~P6s, P79~P7o, 
P77, P85~ P83, P8g, P87 
High-level average output current POg~P07, P19~P17, P29~P27, 
P389~P3o, P49~P4o, P47, 
P5o~P57, P62~P6s, P7o9~P7o, 
P77, P897~P83, P8¢, P87 
Low-level peak output current POg~P07, Plo~P17, P29~P27, 
P3o~ P30, P4p~P4o, P4,, 
P5o~ P57, P62~ P6g, P79~ P7o, 
P77, P8~ P83, P86, P87 
Low-level average output current POg~P07, Pl9~P17, P29~P2z, 
P389~ P3bo, P4o~P4o, P4,, 
P5o~ P57, P62~P6s, P79~P7o, 
P77, P8&~ P83, P8., P87 


ma77oie2-xxxsP_ | | | 
Foxy) External clock frequency input MHz 
M37701E2AxxxsP_| | |_| 


Note 1. Average output current is the average value of al00ms interval. 
2. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
' the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less 












lon(avg) 
lou(peak) 


lo-(avg) 
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TIMING REQUIREMENTS (Vcc=5V+5 %, Vss=0V, Tg=25T, f(Xin)=8MHz, unless otherwise noted) 
External clock input 


External clock input high-level pulse width Rt sect eae dl 
External clock input low-level pulse width Peps cep ots a cee 










External clock rise time 
Nitec - =~ fl External clock fall time 


Single-chip mode 


Port P3 input setup time 
Port P4 input setup time 
E) 

; 

) 









N 

Oo 

Oo 
+ 
< 
ne] 






RN 
Oo 
oO 


A 
~) 
Oo 


NO 
io) 
co) 


N 
-) 
© 


E 
E 
Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 
Port P1 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 


NO 
oO 
2 


NO 
oO 
© 


NO 
Oo 
© 





© 
oO 




















Memory expansion mode and microprocessor mode 


Port P1 input setup time 


, 






Test conditions 
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Timer B input (Count input in event’ counter mode) 


to(TB) TBiin input cycle time 





Timer B input (Pulse period measurement mode) 















Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBiy input cycle time 





A-D trigger input 


tc(ab) ADrag input cycle time (minimum allowable trigger) eee 2000 





Serial |/O 


ee ee Se se 
CLKi input low-level pulse width eee 
Ptate-er _[TOiouputdeytime SS C—“~*~S*~*~é‘“RS‘“‘<‘<;<;<;<«CirSC*dY 
Tthewo | TDihoidtime SS SCSC~—“~*S*~*~“~*~S*sé~SC“‘CSSNNC‘C‘C#*” 
| tsu(o—c) | | RxDimputsetuptme Ps 
thio—o) | RxDimputnoidtme ——SSSSSSCSC~C~CSCSCSCSCSsYCSCSSCSCSCSCS SO | Cds 













External interrupt INTi input 


INTi input high-level pulse width 
INTi input low-level pulse width 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Parameter Test conditions 


Typ 
See 
Figure 2 
ae 
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Fig. 2 Testing circuit for ports PO~P8, ¢, 
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TIMING REQUIREMENTS (Voc=5V5%, Vss=0V, Ta=25C, f(Xiy)=16MHz, unless otherwise noted) 
External clock input 


Pt | Etemal clock time 
Ci, [extemal cick tau tine 


Test conditions 











Single-chip mode 


Port PO input setup time 
E) i 
£) 
E) 






, 
Unit 


Test conditions 











+ 
< 
ne) 





Port P7 input hold time 
th(e—pap) Port P8 input hold time 


ee ome 
O;O;O jo) 
O;O;oO io) 













Memory expansion mode and microprocessor mode 


Port P1 input setup time 
Port P2 input setup time 
RDY input setup time 








th(e—P1D) Port P1 input hold time 
Port P2 input hold time 
th(¢1—rpby) | RDY input hold time 





\ 
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Timer B input (Cont input in event counter mode) 


: 
Symbol Parameter Test conditions 


tw(TBH) TBiy input high-level pulse width ee 





Timer B input (Pulse period measurement mode) 


|: Awereas TBiy input high-level pulse width | ons 
tworBL) —__ TBiyy input low-level pulse width | ons 





Timer B input (Pulse width measurement mode) 


Symbol : Parameter Test conditions 


tc(tB) TBiy input cycle time 


tween) TBiwy input high-level pulse width eco ne co Nae ae 
TBiwy input low-level pulse width aan 





A-D trigger input 


Symbol Parameter Test conditions 


ADtrg input cycle time (minimum allowable trigger) 
ADrrg input low-level pulse width 





Serial /O 


Symbol Parameter Test conditions 


CLKi input cycle time 


tw(cKH) CLKi input high-level pulse width 





twi(cKL) CLKi input low-level pulse width 


ar! 
TxDi output delay time be oe ae ua al 
SS anaes Ea 
Lthco—o) | RxDiinput hold time 





External interrupt INTi input 


Symbol Parameter Test conditions 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) . 





| Min. | _Typ. 








eed 
Port P1 floating start delay time (BYTE=“L”) are 
Port P1 address output delay time 155 
Port P2 data output delay time ae 
Port P2 floating start delay time aaa 
Port P2 address output delay time 155 

E 








Port PO address output delay time 
) 


td(aLe— 


ae 

ALE pulse width 

5 
Figure 2 

| 

Port P1 address hold time (BYTE="L”) 

Port P1 data hold time (BYTE="L”) 

Port P1 floating release delay time (BYTE="L”) 

Port P1 address hold time (BYTE="H”) 

Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 


R/W hold time 
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E pulse width 
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to(ta) 





TAinn input 


te(up) 
TAiout input 
te(Te) 
TBin input 


tevap) 










ADrre input 





teick) 
CLKi 
es Q) 
TxDi T&S 
cteegeeesl c) mm: D) 
RxDi 
twin) 
INTi input 
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Memory expansion mode and microprocessor mode(when wait bit="0", and external memory area Is accessed) 


$y 


mi 


Port PO output 
(Agp~A7;) 


Port P1 output 
(As~Ai5/Dg~ Djs) 
(BYTE="L”) 


Port P1 output 
(Ag~Ais) 
(BYTE=“H”) 


Port P1 input 


Port P2 output 
(Ais~Az3/Do~ D7) 


Port P2 input 


Port P3, output 
(ALE) 


Port P3, output 
(BHE) 


Port P3, output 
(R/W) 


Port P4, input 
(RDY) 


Test conditions 


*Voc=5VtE5% 


* Output timing voltage 


* Ports P1,P2 input 
* Port P4, input 


td(e—91) 


ae 
thiace—pra)/s zz 


aE 
se | Kom] 
all 


‘aa 
thie is a 

(frases | | . 
rot TN mit 


tpxz(e—p12) 


Address 








| 
th(aLe—pz2a) , ae aa tpzx(e—P2z) 
(— sess || Kove] | Xan | p----- -_ se 
. al _ | 
su(P2D—.) 
pues Bae th(e—p2p) 


“ a 
ener mei! 


_ = 


tsu(roy—¢1) i 
ai: thi¢ 1—RDv) 






s Vo_=0. 8V, Von=2. OV 
: Vit=0. 8V, Vin=2. 5V 
: Vi=l * OV, Vin=4. OV 
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M37701 E4-XXXSP BLOCK DIAGRAM Reference Bus width 
Clock input Clock output Enable output Reset input (5V) (OV) (OV) (OV) (5V) voltage input selection input 
Xin Xout E RESET Veco Vss CNVcs AVss AVec Vrer 









Clock Generating Circuit 
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Timer TA4(16) 


Timer TA2(16) Timer TB2(16) 
Timer TA1(16) Timer TB1(16) UART 1(9) 
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PROM 
32K Bytes 
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PIN DESCRIPTION (NORMAL MODE) 


Power supply ; 


Supply 5 V+ 5 % to Voc and 0V to Vgg 


Vss 





CNVssg input Input This pin controls the processor mode Connect to Vgs for single-chip mode 


Reset input 


XIN Clock tnput 
Xout Clock output 


Enable output 





To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


Zz 
o © 
m| | 
4 on 


These are |/O pins of internal clock generating circuit Connect a ceramic or quartz crystal resonator be- 
tween Xj and Xour When an external clock 1s used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open 


Data or instruction read and data write are performed when output from this pin is “L” 


BYTE Bus width selection input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Analog supply input 


Power supply for the A-D converter Connect AVcc to Vec and AVsgg to Vgg externally. 





Vrer Reference voltage input 


PQo~ P07 1/O port PO 


This ts reference voltage input pin for the A-D converter 


— 
) 


In single-chip mode, port PO becomes an 8-bit I/O port An |/O directional register is available so that each 
pin can be programmed for input or output These ports are in input mode when reset . 
Address(A7~Ag) 1s output in memory expansion mode or microprocessor mode. 


Pig~P17 1/O port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus ts 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ais~Ag) 1s output when E output is “H” 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output 

P29~P27 1/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Do) 1s input or output when E output is “L” and an address(Az3~Aj4g) IS 

output when E output is “H” 

P39~P33 1/O port P3 1/0 In single-chip mode , these pins have the same functions as port PO In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output 

P49~P4, 1/O port P4 1/O In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively Functions of other pins are the 
same as in single-chip mode In single-chip mode or memory expansion mode, port P42 can be programed 
for ¢, output pin divided the clock to Xj pin by 2 In microprocessor mode, P42 always has the fanction as 
¢ 1 output pin. F 

P5o~ P57 1/O port P5 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 

‘ pins for timer AO, timer At, timer A2, and timer A3 P59 to P5,¢ also have the function as motor control output 

pins ; 

P69~~ P67 I/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer A4, external interrupt input INTo, INT;, and INT. pins, and input pins for timer BO, timer B1, 
and timer B2 P6) and P6, also have the function as motor contro! output pins. 


P79~P/77 1/0 port P7 1/O in addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function 

P89~P87 1/0 port P8 1/0 In addition to having the same functions as port PO tn single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1 
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EPROM MODE 

The M37704E2-XXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 1 gives 
the pin connections in the EPROM mode. | 
When in the EPROM mode, ports PO, P1, P2, P5;, P5o, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C256K. 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 4000,,~ 7FFFi,¢ for the M37704E2- 
XXXFP. 





+> P72/ANo 
+> P73/AN3 
+ P74/AN4 
+> P75/AN5 
+> P7¢6/ANg6 


Epes P7,/AN, 


3 | 
3 | 
] 


P7>/ANy > 


ai P55/TA2)y/U/RTP1, + 
g P54/TA2oy7/V/RTP 19 + 
P53/TA1\y/W/RTPOs + 
CE>— P55/TA1our/U/RTPO2 
i GE)—— P5,/TA0y/V/RTPO, 
P5o/TAQgut/W/RTPO, 
—____________P4, + 
P4, +> 
P4, +> 
P4, -_- 
P4, + 
P42/91 +> 
P4,/RDY + 


d4jaXXX-cavOZZeEwn 


Fa 


P49/HOLD + 


Outline 80PEN © 


Fig. 1 Pin connection in EPROM programming mode 





Set the clock which is either ceramic resonator or external 
clock to Xj pin and Xoyr pin. 


Table 1 Pin function in EPROM programming mode 


—--— M37704E2-XXXFP 








M5M27C256K 


cis VEE 
gies input Ports PO, ere 
Data 1/0 
ee ee eee 





rears 
Pe~Dr 








1[Bj+> P8o/CTSo/RTSo 
+ P81/CLKg 


an 
~ 


13)+> P82/RxDo 
Bl +> P83/TxDo 


63] +> P8./CLK, 








-_ P22/A18/Dz2——2 
ft] +> P23/Ayo/D3——Co) 


i 
3 | 
3 


P2s5/Aa1/Ds5 +> 


@4)>———P2.4/Azo/Dg ++ [S| 


P27/A23/D7 <> 
P2.6/A220/Dg +> 


* : Connect to ceramic oscillation circuit. 
C > : Same functions as M5M27C256K 
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AC waveforms 





PROGRAM VERIFY 
a gg 
ADDRESS ( b 
Vit 
Vin/Von pel 
DATA TP 
DATA (| DATA SET » Ce? ae 
~ ee |) 
Ver oe veo 
Vpp Tie 


< 
(9) 
0 
+ 
—_ 


Voc tvc 
Voc = 

— Vin 

; 
Vin 





OE topw 
Viv 


Fast programming algorithm flow chart 


START 


ADDR=FIRST LOCATION 


Vec=6 OV 
Vpp=12.5V 









PROGRAM/VERIFY 
PROGRAM PULSE 
OF 3Xms DURATION 
INCREMENT ADDR LAST ADDR? 


YES 


Voc™ Vpp= *5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 
PASS 


DEVICE PASSED *475SVoc=Vpp=5 25V 


t 


<P FAIL_ [DEVICE 
FAILED 


PASS 





€ Cs 
\ — 
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ABSOLUTE MAXIMUM. RATINGS 


Parameter : "Conditions | sRatings = 
Analog supply voltage 


Input voltage POQg~P07, P19~P17, P29~P27, P3p~P3s, 
Vi P49~ P4,, P5o~ P57, P60~ P67, P79~P77, 
P89~ P87, Vrer, Xin 


Output voltage POg~P07, Pto~P17, P29 ~P27, P3890 ~P33, 
P4p~P47, P5p~P57, P69~P67, P7o~P77, 
P89~P87, Xour, E 

Power dissipation 


Operating temperature 


Storage temperature 


Note 1. Input voltage for CNVsg and BYTE pins ts 13V in writing to PROM 





RECOMMENDED OPERATING CONDITIONS (vcc=5v+5%, Ta=—10~70°C, unless otherwise noted) 





Supply voltage 





AVcc Analog supply voltage 


Analog supply voltage ae 


High-level input voltage PO 9~P07, P3p~P33, P4o~P4z, 
P5o~P57, P6p9~P67, P79>~P77, 
V — 0. 8V V V 
om P8>~P8, Xin, RESET, CNVsg, ee ve 
BYTE 
High-level input voltage P1l9~P17, P29~P27 
0.8V V V 
Vin (in single-chip mode) ais he 
High-level input voltage P1o~P17, P29~P27 : 
0. 5Voc Voc V 
P89~ P87, XIN; RESET, CNVss, 


(in memory expansion mode and 
microprocessor mode) 
0.2Vcc V 
BYTE 
Low-level input voltage P1g~P17, P29~P27 
V 0. 2V V 
Low-level input voltage P1lp~P17, P29~P27 
Vir (in memory expansion mode and 0. 16Vec V 
microprocessor mode) 
High-level peak output current POQg~P07, P1g~P17, P29~P27, 
lon(peak) P39~P33, P4g~P47, PSo~P57, —10 mA 
P69~ P67, P79~ P77, P8~ P87 
High-level average output current POg~P07, P1lp~P17, P29~P27, 
lon(avg) P3o~P33, P4o~P47, PSo~P5z, a5 mA 
P69~P6r, P79~P77, P8~ P87 
Low-level peak output current POp~P07, Plg~P17, P2g~P2z, 
Low-level average output current POg~P07, Plo~P17, P29~P27, 
lot(avg) P3p~ P33, P4o~P47, P5g, P57, 
P69~ P67, P79~P77, P8~ P87 
2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 110mA or less, and 


P39~ P33, P4p~P4,, P5e, P57, 
Low-level average output current P5g~P55 a Sa 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less 





















Vin 










Low-level input voltage POg~P07, P39~P33, P49~P47, 
P5o9~ P57, P6o~P6,, P79~P77, 






Vin 























































P69~ P67, P7p>~P77, P89~P87 
M37704E2-XXXFP, M37704E2FS 
(Xin) External clock frequency input 
M37704E2AXXXFP, M37704E2AFS 


Low-level peak output current P5g~ P55 ee 
Note 1. Average output current is the average value of al00ms interval 
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TIMING REQUIREMENTS (Vcc=5V+5%, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 
External clock input 


Parameter 


External clock input cycle time 


External clock input high-level pulse width 


External clock input low-level pulse width 
External clock rise time 


External clock fall time 





Single-chip mode 


Symbol Parameter Test conditions 


Port PO input setup time 
Port P2 input setup time 
Port P3 input setup time 
Port P4 input setup time 

E) 

E) 

E) 


Limits 


NO 
© 
BF 


N 
© 
© 


< 
xe) 


NO 
© 
| 


N | PO 
oR Eo) 
© 


Port P3 input hold time 


Port P7 input hold time 
Port P8 input hold time 
Memory expansion mode and microprocessor mode 


Port P2 input setup time 
RDY input setup time 


NO 
io) 
| 





NO 
oO 
oO 


oO 
oO 





Unit 









thce—pe2p) Port P2 input hold time 


th(¢,—rRpby) | RDY input hold time 
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Timer B input (Count input in event counter mode) 


Limits 
Symbol Parameter Test conditions 


Ttocray | TBin mput eye ume (one edge count) ——SCSCSCSC~“~‘idSSCSCSCSCSCSCS 

twcran) | Tin input high-level puse width (one edge count) ———~=SCS~dCSCSC“‘“‘“SCS*~* 

twa) | Tn mputlowcieve pulse wath (one edge count) ~~ 
tocray | Tain mputcyete me (both edges count) ——=SSC*~‘dSC“‘(‘CSCSW+800~— 

: ( ee et 

Smee 













TB Input high-level pulse width (both edges count) 
TBiw input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 


-  imits | 
Symbol Parameter Test conditions 
| smo | ramet | | Min. Typ. 


TBin input eyole time i000 
TBiin input low-level pulse width 





Timer B input (Pulse width measurement mode) ; 


oe alt Minis] 







A-D trigger input 


ADtre Input cycle time (minimum allowable trigger) 
ADtre Input low-level pulse width 





Serial I/O 


taco | OtKrinputsyclotme—SSSC~“~*~*~“‘“S*SCS~sSC“‘“(C(STC‘C*‘* 
twickn) | OLKiinputhigh-level pusewith —SCdSCSC*d 
en ee, eo aninerarere eschsisictomaicites 
TxDi output delay time ct totes ee 
liter ses Seed 

oe 

aes hae ec 











thic—a) TxD1 hold time 
RxD input setup time 
thic—p) 


RxD1 input hold time 








External interrupt INTi input 


Symbol Parameter Test conditions 
Psmos | raamatr |Tatemnttons I 
INT input low-level pulse width rane 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


) 
Symbol Parameter Test conditions 


Min | Typ. | Max | 
td( poa—e) Port PO address output delay time ieee ty 
td(e—p1a9) Port P1 data output delay time (BYTE=“L”) a 
tpxz(e—piz) | Port P1 floating start delay time (BYTE=“L”) Poy 
td(p1a—e) Port P1 address output delay time 
td(e—p2aq) Port P2 data output delay time ee 
| 
tpxz(eE—p2z) | Port P2 floating start delay time ae 


td(p2a—e) Port P2 address output delay time 






















td(e—HLba) | HLDA output delay time 


td(aALeE—e) ALE output delay time 

tw(ALeE) ALE pulse width 

td(eHE—E) BHE output delay time 
) 


GW} W& Ww 
a; o Oo 
oO};O;+ oO 


Figure 2 


td(R/w—e R/W output delay time 


td(e—¢,) ¢1 output delay time 
thcace—p1a) | Port P1 address hold time (BYTE=“L”) 


th(e—P1a) Port P1 address hold time (BYTE=“H”) 
th(aLe—p2a) | Port P2 address hold time 


th(e—p2aq) Port P2 data hold time 
tpzx(eE—p2z) | Port P2 floating release delay time 
thc e—BHE) BHE hold time 


th(e—R/w) R/W hold time 


E pulse width 





WwW 
No [ RO} ori a ayaa go gi 
O;,O;O|;O O;}O);oO Oo oO 


NO 
NO 
oO 








Fig. 2 Testing circuit for ports PO~P8, ¢, 
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TIMING REQUIREMENTS (Vcc=5V+5%, Vss=0V, Ta=25, f(Xiy)=16MHz, unless otherwise noted) 
External clock input 


Symbol Test conditions 








Parameter 














External clock input low-level pulse width a oe -e ee 
External clock rise time ee ea ee | 
| tr | External clock fall time ese etree eee er he | 


Single-chip mode 


Symbol 
























Unit 


; Limits 
Parameter : Test conditions 
Min T 
Port P2 input setup time 


tsu(p3p—e) Port P3 input setup time 


< 
ne) 





















tsu(pap—e) Port P4 input setup time 





tsu(psp—e) Port P5 input setup time 


tsu(p7p—e) | Port P7 input setup time Lees tee ee 100 


” 





Port P8 input setup time 
Port PO input hold time 
Port P1 input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 


—_ 
So 
oO 
S 
i?) 























Memory expansion mode and microprocessor mode 


Symbol Parameter Test conditions 


Cteucesone) [Pon Ptnputsouptime ——SCSCSCS~C“~“~*“~*“*~‘“‘“~‘~dSSSSSSSS 



















ASS 
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Timer B input (Count input in event counter mode) 


Symbol Parameter Test conditions 


TBiy input high-level pulse width (one edge count) Be tee 

TBi input low-level pulse width (one edge count) Pos 
TBiy input high-level pulse width (both edges count) R125 
TBiy input low-level pulse width (both edges count) Be ne eel 














Timer B input (Pulse period measurement mode) 


Symbol Parameter Test conditions 
ec cee Typ 








Timer B input (Pulse width measurement mode) 






A-D trigger input 


Limits 
Symbol Parameter Test conditions  amits 
ee eee 






















Serial I/O 












me Dis | 
iwiciay | OLKTinput low-ovel puso wah Cit | 
nie Olnmtnaiwe 
es) Uomo 





External interrupt INTi input 


tWdUINL) INT! input low-level pulse width 





teciney INTi input high-level pulse width es cee conte oe, atl 
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Memory expansion mode and microprocessor mode (when wait bit=“0", and external memory area is accessed) 


Port P1 floating release delay time (BYTE="L” 
Port P1 address hold time (BYTE="H”) 


E) 
E) 
) 
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twotan) 


TAtn input 


TAiout input 





TAiour input ( 
(Up-down input) 


In event counter mode 


TAin input 


(When count by falling) t tsu(UP—Tyy) 


H( Ty UP) 


ru 
TAin input J 


(When count by rising) 





To(rB) 





TBiw input 


te(an) 


CLKi 


ve aw, 
tsu(p—c) thic—p) 


RxDi 


twin) 





INT: input 






twink) 
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Memory expansion mode and microprocessor mode(when wait bit=“0”, and external memory area is accessed) 


aS 


Foo td(poa—e) 
“ rae |) 


f( Xin) 


py 


td(e—¢ 4) 


3 
| 's3 


nina 


wv. 
gs 


Port PO output ae 
(Goad Address 







WIIwr 


thiave—pra) [4 — texz(e—P1z) tezx(E—Pp1z) 
Port P1 output | 


(BYTE=“L”) 


td(p1a—e) 


Port P1 output 
rk sae seas? 
(BYTE=“H") 

P| thi (E—P1D) 
Port P1 input 

tesa 1 ee ea texz(e—p2z) tezx(e—p2z) 

ners <i ani sit No eee 
(Aie~Az3/Do~ D7) 


oe — thieeeon 
Port P2 input 


(HLDA) 
aaa 
tdiace—e) 
Port P32 output 
(ALE) 
(BHE) 


Port P39 output 
(R/W) 
on : 
Port P4, input h(¢ —RDY) 


(RDY) 











tsu(p20— o> 





Test conditions 

Voc=5VE5% 
* Output timing voltage : Vo. =0. BV, Voy=2. OV 
+ Ports P1,P2 input > Vip =0. 8V, Viy=2. 5V 
* Port P4, input > Vip=t. OV, Viy=4. OV 
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SS a a ee OS. GSS Pa SSS ee eee Pale 
—— a masta [S09 —~EHED LOY) itt D— I OVEDDLOGHGHIH—E ee teh pee EER —-— COO O---O Pree aa 6 yo 


tht mt 2 ft 7 ff ff 
ee Of Pf 
[Seaaeesenee rae | (Emme (Rr 2 ieee |e i een ee eee ee ee 
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(g)4euenuog a-v] | (6)kiuvn | | (9L)oaLseuns | | (9L)ovL sow 
(9i)raL sour, | | (91)LWL sown seg Z1S soikg Y9L 
WVY WOud 








Address Bus 





Data Bus(Even) 
Data Bus(Odd) 


(9L)2G4 sou, (QL)2VL sow 
Jou, Bopyoyenn (QL)EVL JoWIL 
WNIUD [04WWOD JOIOW (OL) PVL oul 





ee 
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PIN DESCRIPTION 


Supply 5V+ 5 % to Vcc and 0 V to Vsg 


Vcc, Power supply 
Vss 


CNVss CNVss input 


_ 


XIN Clock input 
Clock output 
Enable output 


Bus width selection input 


This pin controls the processor mode Connect to Vsg for single-chip mode. 









To enter the reset state, this pin must be kept at a “L” condition should be maintained for the required 
time 


These are I/O pins of internal clock generating circuit Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjn pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


BYTE 


Analog supply tnput 


Power supply for the A-D converter Connect AVcc to Vcc and AVgg to Vgs externally. 


Vrer Reference voltage input This 1s reference voltage input pin for the A-D converter. 
POQo~P07 1/O port PO 1/0 In single-chip mode, port PO becomes an 8-bit I/O port. An |/O directional register is available so that each 
pin can be programmed for input or output These ports are in input mode when reset 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 
P1o~P17 1/O port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
_memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dys~Dg)is input or output when E output is “L” and an address (A;s~Ag) Is output when E output is “H”. 
If the BYTE pin is “H” that 1s an external data bus is 8-bit width, only address(Ais~Ag)is output. 
P29~P27 1/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Ao3~Aj¢) IS 
output when E output is “H”. 
I/O port P3 I/O In single-chip mode , these pins have the same functions as port PO In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output 
P49~P4z, 1/0 port P4 1/0 In single-chip mode, these pins have the same functions as port PO In memory expansion mode or microp- 
P4, rocessor mode, P49 and P4, become HOLD and RDY input pin respectively Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be programed 
for ¢; output pin divided the clock to Xj pin by 2. In microprocessor mode, P42 always has the fanction as 
¢? 1 output pin 
P5o~P5¢ 1/0 port PS 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer AO, timer A1, timer A2, and output pin for timer A3. These pins also have the function as motor 
- | control output pin ‘ 
P6o, P62, 1/0 port P6 1/0 In addition to having the same functions as port PO In single-chip mode, these pins also function as output 
P63, P6s, pins for timer A4, and input pins for external interrupt input INTg and INT; pins, and for timer BO and timer 
P65 B1, P69 and P62 also have the function as motor control output pins 


P7o~P77 1/0 port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 

P86, P87 1/O port P8 I/O In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD 
and TxD pins for UART 1. 








> > ~x< 
ao 2 
o 6 = 
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EPROM MODE 

The M37705E2-XXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 1 gives 
the pin connections in the EPROM mode. 

When in the EPROM mode, ports PO, P1, P2, P54, P52, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C256K. ; 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 4000;5~ 7FFF,. for the M37705E2- 
XXXSP. 


P7,5/ANg 

P75/ANs + 

P7,/AN, + 

P73/AN3 +> 

P7./AN> + [5] 

P7,/AN, ++ [6] 

P79/ANo > 

P6./TB1 ny + [8) 
P6;/TBOw ++ [91 

P6,/INT, «+ [fd] 

P62/INTo + [it 
P69/TA4out/RTP13 
P56/TASqur/RTP12 + 
P5</TA2;y/U/RTP1, {14 
P5,/TA2oy7/V/RTP 19 > [5 
P53/TA1\n/W/RTPOg + 16) 


CCE) — P5./TA1oy1/U/RTPO2 + 
GE)——-P5,,/TA0,y/V/RTPO, + [18 
P5o/TAQout/W/RTP0o + [19 
P4,/DBC + 

P42/$14++ 

P4,/RDY + 

P49/HOLD +> 


dSXXXVcASOZZEW 


C 
RESET > 


P32/ALE «> 
P3,/BHE «> 


Outline 64P4B 





Fig. 1 Pin connection in EPROM programming mode 





? 


Connect the clock which is either ceramic resonator or ex- 
ternal clock to X, pin and Xoyr pin. 
Table 1 Pin function in EPROM programming mode 


V. 

V 

V 
Ao 
Do 










ss 
a = 
oe | 


64] +» P7,/AN7/ADtraq 


59] +> P86/RxD, 
58] <> P8;/TD, 


55] +> PO2/Ap 
54] +> PO3/A3 
53} +> PO4/A, 


St] > PO6/Ag 

50} +> PO7/A7 

49] «> P1/As/Dg 

48} <> P1.,/Ag/Dg 

++ P15/Aj0/Dio 

46] > P13/A14/D4, 

45] +> P14/Ay2/Dy2 — 

++ P15/A13/D;3 ———————G@a) 
> P1¢6/Ay4/Di4 
+> P17/A;5/Di5 

+> P2o/A16/Dg ———— on 
+> P2,/A,7/D, ————— 

++ P2./Aj9/Do 

++ P23/A19/D3 

+> P24/Az9/D, 

+> P25/Ao1/Ds 

++ P2,/A22/De 

+> P2,/A23/D7 

++ P3o/R/W 


dSXXX-cASOLZEW 


* = Connect to ceramic oscillation circuit. 
CO. Same functions as M5M27C256K. 
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AC waveforms 


( 


PROGRAM VERIFY 


re rs ee cee 
Vin/Vou DATA OUTPUT 


DATA SET 


7 ™ 


DATA VALID 


Vit/Vor 


He 


ee 
i 


Vpp 


‘ Vec 


< 
2 
v 
-—- -—- 
< 
5 3 
2) a 


Vec 


Vi 





he 


< 
rc 


OE topw 


Fast programming algorithm flow chart 


ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp=1 2.5V 


START 















X=0 
<Ke28 > YES 
ONE BYTE FAILED 


PASS 
PROGRAM PULSE 


OF 3Xms DURATION 


LAST ADDR? 


YES 
FAIL DEVICE 
: FAILED 
PASS 


Voc™ Vpp= *5.0V 
DEVICE PASSED * 4755 Voc™=VppS5.25V 


INCREMENT ADDR 
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ABSOLUTE MAXIMUM RATINGS 


Input voltage RESET, CNVss, BYTE —0, 3~12(Note 1) 










V 
Vv 
Vv 









P4p~P42, P47, PSp~P5¢, P60, P62, P63, 

P6s, P66, P7o~P77, P8e, P87, Vrer, Xin 

Output voltage PQ 9~P07, P1p~P17, P29~P27, P39~P3bp, 
P49~P42, P4z, P5o~P5e, P6o, P6o, P63, 


P65, P6g, P7>~P77, P8., P87, Xour, E 
[Powerdisipaion ——SSSSSsSC*~=‘“;‘“‘~*r TQ SCSC“‘C#SNC#C*é‘(NCSYNNNN”C*#dNOOO 
Topr | Operating tompereture—=SCSC~=~“*‘“*S*S*S*S*~“‘“dRSSC*CSCSC‘“‘“‘( SSCS“ STON 
Taig [Storage tempered tm 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 







—0. 3~Veco +0. 3 


I 
Input voltage POp~P07, P19~P17, P29~P27, P3p~P3o, 
t =O): 3~Voct0. 3 








| RECOMMENDED OPERATING CONDITIONS (Vec=5V+10%, Ta=—10~70C, unless otherwise noted) 


ymbo arameter Min. _| 


Supply voltage 
V 





oOo 
3 ip 






Typ. 
Analog supply voltage 






V. 





V High-level input voltage PO 9~P07, P89~P32, P49~P42, P47, P5p~P5e, P69, P62, P63, P65, P6g, 0. 8V 
af P7>~P77, P85, P87, Xin, RESET, CNVss, BYTE - Vcc 
| Vin _| High-level input voltage P1p~P17, P2o~P2; (in single-chip mode) 


cc 

ss 

Vin i 

y, High-level input voltage Pig~P17, P29~P27 0.5V 
a (in memory expansion mode and microprocessor mode) as 

Vie 

Vin 

Vin 


Voc 


Vv 


19) 
0 


Low-level input voltage POo~ P07, P39~ P32, P49~P4o, P4,, P5o~ P5e, P60, P65, P63, P6s, P65, 





0. 2V 
P7)~P77, P8, P87, Xin, RESET, CNVss, BYTE ce 


Vi | Low-level input voltage P19~P17, P29~P27 (in single-chip mode) 0.2Vcc 


Poel 
Low-level input voltage P19~P17, P29>~P27 
(in memory expansion mode and microprocessor mode) ° 
High-level peak output current POg~P07, P19p~P17, P29~P27, P89~P32, P49~P42, P47, PSp~P5e, 
on(peak) P6p, P62, P63, P6s, PGs, P79~P77, P85, P87 
I High-level average output current POg~P0;, P19~P17, P2p>~~P27, P89~P32, P49~P4o2, P47, PS5o~ P56, 
OH(avg) P65, P62, P63, P65, P6s, P79>~~P77, P85, P87 


m 


a 
ale 
Q 
0 
Ba 






—10 
5 


3 


Low-level peak output current POg~P07, P19~~P17, P29~P27, P3p~P32, P4g~P42, P47, P5¢, 
P6o, P6o, P63, P6s, P66, P79~P77, P8, P87 


lon(peak)| Low-level peak output current P5o~P55 


Low-level average output current PQ o~P07, Plo~P17, P29~P27, P89~~P32, P4o~P42, P47, P5e, 
lot(avg) 


lou(peak) 







3 


3 


P65, P6o, P63, P6s, P66, P7o~P77, P8e, P87 


Low-level average output current P59~P5; 
M37705E2-XXXSP, M37705E2SS 
f(Xin) External clock frequency input 
M37705E2AXXXSP, M37705E2ASS 


Note 1. Average output current is the average value of al00ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 110mA or less, and 
the sum of lou(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


Oo co) 
3 
> >| > > 


5 
> 








<= 
a 
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TIMING REQUIREMENTS (Voc=5V#5%, Vsg=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 
External clock input | . 


Symbol Parameter Test conditions 
re et ree Typ. | Max _ 


External clock input cycle time | 125 | | 
External clock input high-level pulse width [ 50 | | 
External clock input low-level pulse width | 50 | | 






















External clock fall time 





Single-chip mode 


Symbol Parameter Test conditions 


Port PO input setup time 
Port P1 input setup time 
Port P2 input setup time 
Port P3 input setup time 
Port P4 input setup time 
Port P5 tnput setup time 

E) 

E) 

E) 














Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 
Port PO input hold time 
Fthcereo) [Pot P2mpuhadime SS SC~—“—~—SSC“‘CSNSC~*d 
the-rao) | Por PSmputholdtime —=Ss=s=~“~*~“*~“‘“*~S*S*S*S~*wSCSC“‘“‘S*S*S~*Y 
thesraoy |PorPsinputholdtme SS SSSC~C~“~*~S*~*sé~sSC“‘“C(SSCNCN#CNC#C#C®S 
there) [Pot PSmputhodime SS SCSC~—~—SSSSSSSCSCSC~S~CSCSY 
fe oes eee! 
eae 
Pee ee 





Port P6 input hold time , 
Port P7 input hold time 
Port P8 input hold time 








Memory expansion mode and microprocessor mode 


"teuieso—e) [Pow Pt nputseupume ——=SSCSC~C~“~“S*~“‘“~*“S*~s*~“‘~‘“SSS 
teucezoe) | Pon Painput etuptme —S=SsSCSC~C~‘“~S*S*S*“‘“~“~*~“~‘~dS 
Mteucnoy—o| ROY input souptine ——~S=Ss=S~—~“~S~S~“~*~S*~“~*~“~d 
theese) | Pont mputnoidtime ——=sSSCSC~C~“~“S*~s*“s*~S*S*‘~rCS 
eaaneamnes 
ed 


Port P2 input hold time 
RDY input hold time 
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Timer A input ( Count input in event counter mode) 


Symbol Parameter Test conditions 











N 





Timer A input (Gating input in timer mode) 


Symbol Parameter Test conditions 
smn | Pama | Min | Typ. | Max _| 








Timer A input (External trigger input in one-shot pulse mode) 


Limits 


| Typ | Max _| 
2 2 a ae 
aes 






on 
co) 


NO 
oO 


N 





Timer A input (External trigger input in pulse width modulation mode) 


TAin Input high-level pulse width Pac: 250 
TAin input low-level pulse width | 250 





Timer A input (Up-down input in event counter mode) 


| Limits 
Symbol Parameter Test conditions 


TAlou input eycie tine 5000 











TAlgu input setup time Fi 
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SWITCHING CHARACTERISTICS (Vcc=5V+5%, Vss=0V, Ta=25C, £(Xiy) =8MHz, unless otherwise noted) 
Single-chip mode 


Port PO data output delay time 
td(e—p1aQ) Port P1 data output delay time 
td(e—p2a) Port P2 data output delay time 


ae hs ane 

eee) eae | ons | 
Port P3 data output eee) time a 200 | ons 
on coo 

Pane Saas es 

ee eel 

ae eee ons | 

ae ae ons 










Port P5 data ae delay time 
Port P6 data output ee 8 ee ee time 
Port P7 data | PortP7 data outputdelaytime = | delay time 





Port P8 data output delay time 








Memory expansion mode and Prone rae eee mode (when wait bit = “1”) 


Limits 
Symbol a Test sonanians ee Unit 


Port | PortPO address output delaytime === siz address output | PortPO address output delaytime === siz time | 1oo {| =6f|)— dls 
Port P1 data output delay time (BYTE=“L”) 

Port P1 floating start delay time (BYTE=“L”) 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 

ALE output delay time 

ALE pulse width 

BHE output delay time 

R/W output delay time riguene 
¢, Output delay time 

Port PO address hold time 

Port P1 address hold time ( evres L”) 

Port P1 data hold time (BYTE=“L 

Port P1 floating release delay time TES +L”) 

Port P1 address hold time (BYTE="H”) 









‘al 
Oo 























nk 
oO 
Oo 
i 
NO 
O11} O Oo 


Nh | or; oO o1;o1;o oi 
8 8 O1o!1o O;1,O1oO Oo 
So 
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-M37705E2AXXXSP 
ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=0V, Ta=25C, f(Xiy)=16MHz, unless otherwise noted) 


High-level output voltage P09~ P07, P1o~Ptz, P29~P2,, 
P3po, P31, P49~P4o, P47, P5o~ P5e, 
P60, P62, P63, P6s, P6g, P7o~P77, 
P8_, P87 


P3p, P3, 
lox= —10mA 
= lon= —| OmA 


Low-level output voltage POQ9~P07, P19~P17, P29~P27, 
P3o, P3,, P49~P4o, P47, P5e, 

P6o, P62, P63, P65, P66, P70~P77, 

P8,, P87 


Low-level output voltage P5o~P55 loL=20mA 


Low-level output voltage PQ9~P07, Plp~P17, P29~P2z7, 
Vo- p g 0 7 0 7 0 7 lop=2mA 
P30, P3; 
Voi 
Voi 








Limits 
Ty 


Unit 


: 







lon==—10mA 









QO; + 
—-| N Ww 










lop =10mA 


; 


0. 45 


) w 
Po eS 





lop =10mA 
Low-level output voltage P3» 


ad 
OW 





lop =2mMA 


Low-level output voltage E 
Hysteresis HOLD, RDY, TAQw~TA2in, TBO, TB1in, 
i i, "Oe 
0; 1, AUTRG 
High-level input current POg~P07, Pig~P17, P29~P27, 
P39~ P32, P4o~P4o, P47, 
P5o~ P5e, P6o, P6., P63, P6s, P6e, 
P7o~P77, P8,, P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POQo~P07, Plo~P17, P29~P27, 
P39~P32, P4o~P4o, P47, 
P5o~P5e, P6o, P69, P63, P6s, P66, 
P7o~P77, P86, P87, 
Xin, RESET, CNVgs, BYTE 


RAM hold voltage 


lop-=2mA 







Vi=5V 


is 
> 


e 
on w - 














Te 


< 
i 

ro) 

< 


When clock is stopped. 
f(Xiw) =16MHz, 
In single-chip mode | square waveform 


output only pin is Ta=25°C when clock 
open and other pins | is stopped. 


are Vss during reset. | 7,.=70°C when clock 
is stopped 


A-D CONVERTER CHARACTERISTICS (Vcc=5v. Vss=0V, Ta=25C, (Xin) =16MHz, unless otherwise noted) 


in] 

ieee ee 

a a 

AL (— SAMS AL 2 aS Nk 
nei 


N 
> 


af] oa 
on 
3 oS 


Power supply current 


LA 






Conversion time _ 
Reference voltage 











Analog input voltage 
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Timer A input (Count input in event counter mode) 


TAijy input high-level pulse width aa ee 
TAiy input low-level pulse width aa 62 






Timer A input (Gating input in timer mode) 






Timer A input (External trigger input in one-shot pulse mode) 


yp. 


N 










Timer A input (External trigger input in pulse width modulation mode) 


| 
Symbol Parameter Test conditions 


TAlin input high-level pulse width 
TAin input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


TAigu input cycle time F200 
ee eee 


TAtour input setup time 
th(t,—uP) TAiour input hold time , 


Twi [Tye 
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SWITCHING CHARACTERISTICS (Vcc=5V+5%, Vss=0V, Ta=25C, f(Xy)=16MHz, unless otherwise noted) 
Single-chip mode 


Port PO data output delay time 

Port P1 data output delay time 

td(e—p2a) Port P2 data output delay time 
Figure 2 


Limits 






Unit 















oO 


= 
a 


— 
[2] 








Port P8 data output delay time 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 


| kimits 
Symbol Parameter Test conditions 


Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 
Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time 
ALE output delay time 
ALE pulse width 
BHE output delay time 
Figure 2 
R/W output delay time 
¢, output delay time 
Port PO address hold time 
Port P1 address hold time (eyres"t 
Port P1 data hold time (BYTE="L 
Port Pi floating release delay time (BYTE=“L”) 
Port P1 address hold time eae “H”) 





Unit 


N 
oO 












WOININMIRMID NIN TN N W] Ww W Ww w 
Ayo roi ayn O1/ O11] OF o1 oO1o oS oO oO 


Port P2 feu te asstessnedime hold time 

oe et ie P2 data hold time 

Port P2 Fone towing esse deh re release delay time 
serine hold time 

qeeadenne [RWholdtme © | 

Ltwe) | E [Epusewidth | width 
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wae te(ta) 


tw(taH) 


TAin input 


tw( TAL) 






tw(uPH) 


TAiour input 


TAiourt input 
(Up-down input) 


In Event counter mode 


TAijy input 
(When count by falling) thet ued} tsuCUP—tyy) 
TAty input 


(When count by rising) 


“~A' 


Tete) | 


TBin input 





tw(aov) 


ADrre input 


tec) 


He, 


CLKi 
vo nine Geen en 


tsu(o—c) | __ thic—p) 








RxDi 
INTi input 
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Memory expansion mode and microprocessor mode(When wait bit = “0”, and external memory area is accessed) 


(Xin) 


?4 


ml 


Port PO output 
(Agp~A7) 


. Port P1 output 
(Ag~Ay5/Dg~Di5) 
(BYTE=“L”) 


Port P1 output 
(Ag~Aj5) 
(BYTE=“H") 


Port P1 input 


.Y 


Port P2 output 
(Ayg~Az3/Do~D7) 


Port P2 input 


Port P32 output 
(ALE) 


Port P3, output 
(BHE) 





Port P3, output 
(R/W) 


Port P4, input 


~ 
oO 


Vv 


tdie—¢1) 


=| tg(poa—e) 
Address — 


texz(€—P1z) 


WE 


tes 
hve 


th(ALe—P1A)} 


Coen [Yo 





tezx(e—P1z) 





ol 


§ = ----- {sae 


[Pree TT pares pacers en 


thcace— riba a i P2z) tezx(e—p2z) 





WE 









«2 — ee ee eee _ Address 


a=, sane ae 
E—-P20) 


tsu(RDY— 41) rf 
“i — —RDY) 





(RDY) 
Test conditions 
* Output timing voltage : Vo. =0. 8V, Von=2. 0V 
* Port P1, P2 input > Vic=0. 8V, Vi4y=2. 5V 
* Port P4, input Vi=l. OV, Vin=4. OV 
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PIN DESCRIPTION (1) 








In 
ou Functions 
Output 
Voc, Power supply Supply 5V +10% to Vcc, Von and OV to Vgs. 
Vop; 
Vss 
RESET Reset input To enter the reset state, this pin must be kept at a “L” condition should be main- 
tained for the required time. 
Clock input These are 1/O pins of internal clock generating circuit. Connect a ceramic or. 


quartz crystal resonator between X;y and Xour. When an external clock is used, 


the clock source should be connected to the X,y pin and the Xour pin should be 
left open. 


Clock output Output 


NUA NUA input 


>! ~ 


These pins change processor mode Connect both pins to Vss in single-chip 
mode. 





Data or instruction read and data write are performed when output from this pin 
is". 


Bus width 
selection input 


This pin determines whether the external data bus is 8-bit width. or 16-bit width. 
The width is 16-bit width when “L” signal inputs and 8-bit when “H” signal 
inputs. 


Non-maskable 
interrupt input pin 


INT Interrupt input 


A-D power supply 


This is the non-maskable interrupt input pin. Connect with GND as this pin is not 
usually used 





This pin is interrupt input pin which can use edge or level. 


Power supply for the A-D converter. 













Reference 
voltage input 


Input This is reference voltage input pin for A-D converter. 


1/O port PO 1/O In single-chip mode, port PO is 8-bit CMOS input/output port 
Each pin can be programmed for input or output pin by the direction register. 


Data (low-order) 
/ Address bus 
(low-order) 









Do/Ao™ D7/Az 
( PO o~ PO; ) : 


1/O In the other mode except for single chip-mode, Multiplex signal consisting of 
low-order 8-bit of data bus and address bus is input/output. 


1/O in single-chip mode, port P1 is 8-bit CMOS input/output same as port PO. 


1/O In the other mode except for single chip-mode, Multiplex signal consisting of 
high-order 8-bit of data bus and middle-order 8-bit address bus is input/output. 


1/O In single-chip mode, port P2 is 8-bit CMOS input/output same as port PO. 


Output 





I/O port P1 


Data (high-order) 
/Address bus 
(middle-order) 









Ds/Ag~ D, 5/Ais5 
(Pig~ P1 7) 





I/O port P2 












Address bus 
(high-order) 


Aie~Aaz23 
( P29™~ P2,) 


In memory expansion mode and microprocessor mode, 8-bit high-order address 
are output. 









Emulation strobe 
signal 


WEMP0( P25) 
REMPO(P2,) 
WEMP1(P2,) 
REMP1(P23) 
WEMP2(P2,) 
REMP2(P2,) 
WEMP3( P26.) 
REMP3(P2,) 


In port emulation mode, these pins are strobe signal output pins which indicates 
writing or reading to port PO~P3 with “H” level 
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PIN DESCRIPTION (PROM MODE) 


Voc: Vop; Power supply 
Vss 


Supply 5 V+ 5% to Voc, Vpop and 0 V to Vsg. 
INT Connect to Vpp when programming or verifing | 
BYTE Connect to Vpp when programming or verifing. 
RESET Reset input 


Input Connect to Vss. 
Clock input Input Connect a ceramic resonator between Xj and Xour. 
Xout Clock output output 





> 
no} 
i=4 
aaa 
~ 
(eo) 
¢ 
= 
no} 
i= 
~~ 





















Connect AVcc tO Vec, and AVss to Vss. 


A-D power supply 





P4y~P4, Input port P4 | Input | Connect P43 and P4s to Voc, and P4g~P42, P4, and P4g to Vss Keep P47 open. 
P59~ P57 Control signal input la P5, and P5» function as OE and CE input pin 





Connect P5o, P53, P54, P5s and P57 to Vcc. Connect P5¢g to Vss. 


aL aes 


> > 
oo 
o © 


NUA, 
NUB 








3-116 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37796E4-XXXJ,M37796E4T XXXJ 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 












































Address (Hexadecimal notation) Address (Hexadecimal notation) 
000001 000041 
ia aoe 
000005 000045 
oa ae 
000008 | Port PO data register 000048 
000009, | Port P1 data register 000049 
00000A Port P2 data register 00004A 
00000B Port P3 data register 000048 
00000C_ ‘| Port P4 data register oo00e4c | i ss—‘(i‘“‘<‘iai 
00000D | Port P5 data register o0004D {) —<“—tsSSSSSS 
QOO00E | Port P6 data register o0004e «fee 
QOOOOF | Port P7 data register QOOO04F | 
000010 | Port PO direction register 000050 
000011 Port P1 direction register 000051 
000012 Port P2 direction register 000052 
000013 Port P3 direction register 000053 
000014 | Port P4 direction register 000054 
000015 Port P5 direction register 000055 
000016 _| Port P6 direction register 000056 
000017 Port P7 direction register 000057 
000019 000059 
ae ne 
00001C | Port P4 operation mode register oo00sc [| = —(—i(‘i;i;itisi—i<i<CSCS 
00001D | Port P5 operation mode register o000spD «| wt—— 
00001E | Port P6 operation mode register 00005E [-—_—_—_—_—_—_———~+ 
00001F Port P7 operation mode register O0005F 
000020 ‘| A-D control register 000060 
000021 000061 
eae A-D succesive approximation register opens 
000023 000063 
000024 000064 Timer A control register-CW 
000025 000065 
000026 000066 
000027 000067 
000028 000068 
000029 000069 
00002A OO006A 
00002B 000068 
00002C 00006C 
00002D 00006D 
00002E goose {| —(isCSCsiszr 
00002F 00006F 
000030 UARTO transmit/receive mode register 000070 FimerDeounter 
000031 UARTO baud rate register 000071 
ieee UARTO transmission buffer register stl Timer D reload register 
000034 UARTO transmission/receive control register 0 000074 Timer D operation control register 
000035 | UARTO transmission/receive control register 1 000075 || eee 
lees UARTO receive buffer register peels — 
000038 | UART1 transmit/receive mode register 000078 | 
000039 | UART1 baud rate register oo0079 | 
sie UART1 transmission buffer register peels a a ee 
00003C UART1 transmission/receive control register 0  00007C Ea ed eee ns SOE 
00003D UART1 transmission/receive control register 1 00007D Hees pe Paces oh iceees en Lee et eel 
aes UART1 receive buffer register pe ee Se eee ee ee 
Fig. 2 Location of peripheral devices control registers (1) 
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Pad 


M37796E4-XXXJ TIMER SYSTEM BLOCK DIAGRAM 





f=, TG - 
. TA1 16-bit reload timer a PISO zi aE TAlour 


, ‘ 3 
—s0}— i A] TA2our 
; | TABsur 
“ay | oe 
‘ > —tes5} |] + et eee 
| “a _| —_d TAB our 


QO 
TBn  CILEdge fo ~~ oo—{ TB1_16-bit reload timer ) > PISO 


p 
TBI 
TB t 
tra ~LILEdge | | Edge | 0 O—i TB2 16-bit reload timer PISO || TB2our 
O~O TB3 16-bit reload timer TB3 
O~O TB4 16-bit reload timer TB4 
d 
TCty LH Edge | 
O 
Geese BO perro To1_16-bi imer TCtove 
Tiles Leos F- Teles 
TC2n CHLEdge | 
Bees OOS pret rrae TC2 16-bit timer TC2ove 
TC2srp LH Edge | TC2srp 
Clock divider TD 16-bit reload timer TD 
PWM1 
Clock divider PWM1 (8-bit counter 2 ) py PWM) 


Clock divider PWM2 (8-bit counterX 2 ) 
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SAFETY INSTRUCTIONS 

The programmable M37796E4J and M37796E4TJ that are 
shipped in blank are also provided. For the M37796E4J and 
M37796E4TJ, Mitsubishi Electric corp. does not perform 
PROM write test and screening in the assembly process 
and following processes. To improve reliability after write, 
performing write and test according to the flow below be- 
fore use is recommended. 


Writing with PROM writer 


Screening 













(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


—_-—----4 





| Function check in target device | 


ADDRESSING MODES 

The M37796E4-XXXJ has 28 powerful addressing modes. 
Refer to the Series MELPS 7700 addressing mode descrip- 
tion for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 

The M37796E4-XXXJ has 103 machine instructions. Refer 
to the Series MELPS 7700 machine instruction list for de- 
tails. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37796E4-XXXJ writing to PROM order confirmation 
form 

(2) Mark specification form for 84P0 

(3) ROM data (EPROM 8 sets) 
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M37796E4-XXXJ 
ELECTRICAL CHARACTERISTICS (Vec=Vpp=5V+10%, Vss=0V, Ta=—20~75, f(Xin) =8MHz, unless otherwise noted) 


Parameter Test conditions 


T 
Vee ion —2mA 
Low-level output voltage loL=2mA 
Min | Hiah-tevel mput curent——SSSS~* CI 
_ 
too Ta=25C, when clock is stopped 
RAM hold current - : 
Ta=/5C, when clock is stopped 


loc Power supply current (Note 1) Ta=25°C, when clock is stopped / 
Ta=/5 when clock is stopped 


Hysteresis TBin, TBrraa, TClin, TC2in, 
Ve4—-Vy_— feta ==5VY 

TC1ste, TC2sre, RESET (Note3) 

Hysteresis HOLD, CLKO, CLK1, CTSO/RTSO, 
—Vr_ yg ees he a 

CTS1/ATS1, INT, NMI (Note 4) 

Note 1. When reset with output pins open and connecting input pins to Vss 

. Voc™=5V, Ta=25C 


2 
3. Double function except for RESET pin 
. 4. Double function except for INT and NMI pins 







< 
no] 









< 
| 
r=) 

< 


Ss 
og | 0 
or on | 

——¥ 





or 
~~ 


2a 
NRO 
~~ 


ote 








0.2 


™N 
Ww s 





A-D CONVERTER CHARACTERISTICS (AVcc=Vner=5. 12V, Ta=25C, f(Xiy)=8MHz) 


Parameter 


Resolution 


Absolute accuracy 


Full-scale error (Note 1) 


lan Analog input leak current (Note 2) —20 





Note 1. The difference from ideal 10-bit A-D converter characteristics when offset error is not corrected. 
2. Input leak current of ANo>~AN; with A-D converter halted. Input voltage is OS V,;SAVcc. 


TIMING REQUIREMENTS (Vec=Vo0=5V+10%, Ta=—20~75C, f( Xi) =8MHz) 


Symbol Parameter 


Mio eietme——CCSC‘“‘“*S*S*C‘“‘“*~“‘“‘~‘s*SS ss 
teucome) | Bata input eouptme———SSSSCSCSC~“~“~“<“<CSCSCStS 8s 
ines) beeing Oe 
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HOLD characteristics (Vcc=5V+10%, Ta=—20~75C, (Xin) =8MHz) 


HOLD input setup time 
HOLD input hold time 
HLDA output delay time 


















orem 
WO 
oO;O 


¢ OUT 


tsu(HoLD—¢): 


|_| — HOLD) 
HOLD 


td(¢—HLDA) 


HLDA 


Port characteristics (Vcc=5V+10%, Ta=—20~75°, t(Xiy)=8MHz) . 


















Port data output delay time 


mil 


td(e—p) 


Port output - 


tsu(p—e) | thie—p) 


pana 


Port input ead) 
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Timer B characteristics (Voc=5V+10%, Ta=—20~75°, (Xin) =8MHz) | ay 


Symbol Parameter 


TBin input setup time 
TB input hold time 


TBsra input setup time 
th(¢—TBerp) | TBste input hold time 


td(¢—TBoyr) | TBour output delay time 


Note 1. Shift by TB2 underflow with plural trigger. 


$ out 
‘tsu(TBin—¢) th( ¢—TByy) 


- 





tsu(TBtRg—9) thie —TBTRG) 


put 
TB tT Kt 


J | 


. i: be 


(PISO writing) 


mi 


td(¢—TBouT) 
TBourt é 
(Shifting) 
td(¢—TBoyr) 


TBout 
(Plural triggering) 
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UART characteristics (Voo=5VE10%, Ta=—20~75C, f(Xin)=8MHz) 


te(ck) 


CLK input cycle time 


CLK input high-level pulse width 
CLK input low-level pulse width 















} te(ck) 
CLK 


INT characteristics (Vcc=5V+10%, Tag=—20~75°, f(Xin)=8MHz) 


sma Min | Tye _| 


INT input high-level pulse width 250 ee ae 
INT input low-level pulse width 250 | 1 










twoNnTH) 





INT 
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SWITCHING CHARACTERISTICS (Vcc=Von=5V+10%, Ta=—40~85°C, f(Xin) =8MHz) 


iia: 2 (Alene ee ee ed 
tease) | Estat tine ater ALE ——~—SCSC~“‘“SCSCSC*é“‘CNNN oO 
180 
F tpzviexoz) | Floating release delaytme——~=S=~“‘“~*S*“‘“‘“C“S*“‘“‘C‘*C*S*S*SCSSS 
ipveecod) | Pesicewiteiyie 2 
taceo) | Data output delaytime —~S=C*=~“‘“*S*S*S*S*S*SC“~“~“<“<CSCSt*tStSCSi 
Ptwaie-a) | Address vaio tine aterALE——=S=~=~“*~*~*“S*S*S*~“‘“~“~“<CSCStSt*t:tSC*d 
tenn) | DatavaldtimeaterE —~=SCS~C~“~“*S*~“~*S*S*S*C*~“‘“<CSCStS tO 
00 





















D) 
Address valid time after E 
td(cont—e) | Control signal delay time 
Control signal valid time 


Note. Limits have guaranties under load capacity of the test pin=100pF including test tool’s capacity. If capacities of pins are much different from each 
other, limits may not be followed. So pay attention to the design of the board. 


Test pin | 


M37796E4TXXXJ 


Test conditions for switching characteristics 


Vor valid level 0. 2Voc 
Von valid level 0. 8Voc 4 





Fig. 5 Testing circuit 
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Timer A characteristics (Vco=5v+10%, Ta=—40~85C, t(X)=8MHz) . 





Limits 
ee Se rae | kimits 
sm 


TAour Output delay time PISO Ming fecaee! 
Shifting f 





Pour 


tds —TAgur) 


TAout 
(PISO writing) 


mi 


td ? —TAour) 


5S 


(Shifting) 
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Timer C characteristics (Vec=5V+10%, Ta=—20~75°, f(Xiy) =8MHz) 


ai rrr ae 


TCin input setup time 






thi¢—Tow) TCin input hold time = Or 
TCsrp input setup time 


, 
, 





Pout — 
tsu(tew—4) | this —Toy) 
ae 
tsu(tcgtg—¢) | this—tcgq5) 
TCstp ae 


PWM characteristics (Vcc=5V+10%, Ta=—20~75°, f(Xiy)=8MHz) 


Le ee OO 





PWMour output delay time 


gout 


td(¢—PWMour) 


PWMour 
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(Xin) 
wate) to(aLE—e) 
Ne dn 
—————aee 
td(aLe—e) 
: Ni 
tozv(e—pz) th(e—p) 
| 
D/A (PO, P1) 
(Reading) 
y 
(Writing) 
ty(e—a) 
A A 
16~ 23 (tt Address (high order) iz. 
(P2) : 
td(cont—e) 'vE—conr) 
BHE = 
does N 
srs ( BHE(R/W) 
XS 
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BLOCK DIAGRAM 


ADDRESS LATCH (9) PAo 
INPUT ALE (21) Sane PA, 
ENABLE INPUT E Occ es < -—$~(75 ia: PORT A 

READ WRITE INPUT R/W ee) A] (6) PA3 

CHIP ENABLE INPUT CE ° S <—$>(5 PAg penis 

PROGRAM INPUT PRG Oates ae. PAs Ag~A 
BYTE INPUT BYTE (55) arenot (3) PAg 
BYTE HIGH ENABLE gz 7A 


ea a 
ay PBo 
| es PB; 
»[ 7) Fa 
a oe PB3 OUTPUT 
a S (65) PBg PORT B 
Bs 
663) PBg 












EXTERNAL ROM SIGNAL EXT Saas 
i aka i 
Ao ee 

Ai (11) 


ee 
INPUTS Aa (14) 


READ/WRITE CONTROL CIRCUIT 













fe Oi ! 
AD 
hiss: ome Ee | COUNTER ae PCo 
a 
AD1 (36) QL (42) PC, 
BIDIRECTIONAL ADi2 a #0 O + PC2 
nou De : cet 
ADis ea 2 PCs 
Do/AD 16 em 
‘I 


ip) 
ti 
i 
2 mnnae ie ORDA anne! | i 
Pele Ds ict sacteteecee el E aaa —SsT INPUT PORT D 
De —— = a ee Pie CSo/PDo CHIP SELECT 0 
D7 (32) ees eee " weBile CSj/PD, CHIP SELECT 1 
a rat RD/PD2 READ SIGNAL 
| 4] 5 (69) Ciy/PD3 COUNTER INPUT 


LICR 


aa Ge Coyt/PD4 COUNTER 
OUTPUT 
G1) CLK/PDS A ocx 


~ —(20)—(18) (19) --2) 3) 
Vpp Vss  Vpoo Vss_ Voc 
POWER SUPPLY (OV) (5V) (OV) (2.5~5V) 
FOR OTPROM 
WRITE (12 5V) 
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00000 









UNUSED 
SRAM (2K BYTE) 
SPECIAL FUNCTION 


UNUSED 


ROM (32K BYTE) 


EXTERNAL MEMORY 


04000 


oo 
+ 
co ~l 
on 
on 


O480E 















PORT C DIRECTION REGISTER 
PORT C 


PRESCALER OVERFLOW 


COUNTER OVERFLOW 
COUNTER MODE REGISTER 
PORT D 


08000 


é 0480C 


| 

I 

| 

I 

| 

| 

| 

I 

! 

| 

! EXTERNAL MEMORY EXPANSION PIN (CSQ) 
(64K BYTE) | 

| 

| 

| 

| 

! 

! 

| 

I 





WE BR aitece oh ci epi a en A ee 
20000) E 
l 
| 
| | 
| ! 
| | 
| 
! EXTERNAL MEMORY 
| Pa 
EXTERNAL MEMORY EXPANSION PIN (CS;) 
| 
! (64K BYTE) ! | 
, 
i I 
| { 
| I 
| | 
| t 
| 
OPER E ete laid whet 7 
Fig. 1 M6M72561J, J-1 Address area 
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OTP ROM Mode Table 
ALE] E |R/W 
(21) | (22) | (23) 
pulse 
16-bit mode VIH Vv 
pulse ee 


Output disable 


(x Is irrelevant ) 








Vpop | Veep | Veo Data I/O 


(20) | (53) | Do/A1g,D1/A17| D2~D7 | ADg~ADi5 
ee re 
Address input Address input 
Data output Data output 
Data floating Data floating 
Floating Floating 
Output Address input 
Floating Address input 
Floating Address input 
Data input Address input 


“~ 
—_ 
wo 

Nt 


o~ 
on 
> 

ar 


PRG! BYTE] BHE] EXT |RESET 
(55) | (56) 
x 
VIH VIL x 
Note 1 
|x| 









uw) 
< 






< 
- 






Normal read 


< 
a 
oi 









Vir | Vie V 


ViH 5 5V 


< 
= 
= 
= 
Pee 


< 
z 


Vir | Vin 


Vin | Vin |} Vin |} Vie ) Vir vn x fv) 


Vit 
Program 
Address input Address input 
cs oY Data floating Data floating 


Note 1 If BHE ts fixed to Vi, Non-ALE 1s enabled, and tf ALE 1s fixed to Vjy, address inputs of Do/Aig and D; /Ay7 are not needed 
2 Ao is fixed to Vi,. 


3 If PRG 1s fixed to Vi, ROM Only mode is enabled and address input is fixed to Non-ALE mode and address inputs of Ays, Aye and Ay, are not needed, 


on 


wn on 
wn wn 
< 


5V 


< 
z 
px 
= 
a 
x! 







Output disable 


on 


SV 


ES 
ee 
oe 
Ea 
< 
rt 
on un on oy) 


VIH 5V 


ra 


s 
I 


12.5V} 6V 


Note 3 ROM Only mode 
et 
cs 
ra 
a 

< 

I 

lop) mn 
ee. 

on 

Ee 








Program verify 6V 


External ROM’ mode IL x< 5V 





a 
x 





e< 

QI 
< 
rc 
< 
= 
< 
- 








































SRAM Mode Table (x 1s irrelevant ) 
ALE| E | R/W| CE |PRG| BYTE] BHE|] Ag | EXT/RESET|] Vpp | Vpp | Voc Data 1/0 
(21) | (22) | (23) | (24) | (54) | (55) | (56) | (10) | (57) | (58) | (19) | (20) | (53) | Dg/Aig,D1/A17| D2~D7 | ADg~ADi5 
VIH xX |Address Address input Address input 
8-bit mode Out 
G ; 
® 
oc 
VIH Address input Address input 
16-bit mode V V V x 
Vv xX  |Address Address input Address input 
8-bit mode 1H p 
Do~ D7} Vin Address input Address input 
V V V V V x x 5V 5 5 Input 
£ » | access IL i a a | Vin | Vie - y Data input Data input 
Pile Dg ~ Dis} Vv Add Add 
E |}Y¥s ~ Vis tH ress input ress input 
© 
= Do ~ Dis ViH Address input Address input 
Input 
access Vin | Vin | Vin | Min | Vie | Vie} Vee ‘s a aN oN ay Data input Data input 
Power-down 
acs x x x Vin x x x x x Vin | 5V 5V 5V Floating Floating | Floating 





Note 4 If BHE 1s fixed to Vi, Non-ALE mode 1s enabled, and if ALE 1s fixed to Vjy, address inputs of Dg/Aie and D,/A, are not needed 
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(3) Counter | 
The input pulse from Cj pin is counted by an 8-bit up- 
counter. The count value can be preset or output from 
data pins Dp to D7. 

Table 3 shows the table for counter mode. 


Initial setting for counter use 

Cin/PD3, Coyr/PD,, CLK/PD; are common function 
pins related to a counter. Port PD should be specified to 
enable counter pin for counter use. This can be specified by 
writing ‘‘H” to data pin D, after the address 0480E4. is 
specified. Then clock pulse should be continuously input 
from CLK pin. The counter operation is synchronized 
with this clock pulse. 


(Prescaler mode) 

This mode is enabled by an 8-bit prescaler counter (Co) to 
count the input pulse from C,y pin and by an 8-bit counter 
(C,) to count the overflow output pulse. Each counter 
returns to the preset count value by the overflow output 
pulse to count up again. 


Table 4 Mode setting and counter preset 


Mode setting 
See Table 3. 
(counter mode and edge mode) DaPNC is lei 
“1A 
Any preset value 
C, counter preset 0480A1¢ fram 00 to EE 












Table 3 Counter mode table 












Prescaler mode 


Double count mode 


or | es |e 
ee ee 
ae See 


ws 
ae ee 








Count disable mode 


Falling edge count mode 


(Double count mode) 
In this mode, both Cy counter and C; counter count the 
input pulse from C,y pin. Co counter is preset by the 
trigger input from PC,/TRIG pin and C,' counter is preset 
by the overflow output pulse of Co counter. 

To enable the double count mode, PC,/TRIG pin 
should be initialized as TRIG pin by specifying the address 
04804,6 and by writing “L” to D- pin. 


COUNTER 


INPUT 8-BIT COUNTER 


(Cin) (Co PRESCALER) 


COUNTER 
OUTPUT 


COUNTER 
INPUT 


(Cin) COUNTER 


8-BIT COUNTER 
(C3) 


Fig. 3 Double count mode 














Counter configuration 


See Fig 2. 
e Counter 1s preset by the OVF 
output timing 













See Fig 3 
e Counter is preset by the external 






trigger timing 
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ABSOLUTE MAXIMUM RATINGS | 


















Vpp supply voltage during programming —0.6—14.0 


Unit 






With respect to GND 


Output voltage 


Parameter 
f 


C; Input capacitance (Note 5) 
Output capacitance (Note 6) 


Note 5 Ag~A,,ALE,E, RW, CE, PRG, BYTE, BHE, EXT, RESET, Cyy/PD3, CLK/PDs 
6 Do/Ai6 , Di/Aiy, D2~Dz, ADs ~AD4s ; PAg~PA.-, PBo ~PB,, PCy ~PC, 
CSo/PDo, CS; /PD,, RD/PD2, Coyt/PD, 













Test conditions 






Unit 
2 


pF 







Ta =25°C, f=1MHz, Vi=Vo=0V 
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TIMING REQUIREMENTS (Ta=0~ 70°C” Vop =Voc = Vpp=5V£10%, unless otherwise noted ) 


| ee 


tw (Ee) Write low level pulse width 


tdis(w) Output disable after write 








Limits 


Symbol Unit 





= 
o 
x 


Typ 





NM |] W 
fan) 


~J 
Oo 
=) 








~J 


~ 
Oo 
wn 


=) 
no 


Oo 


0) 





Ww N N N 

oO oO fan) oO 

=) 5 a 3 
n 


RO —_= — ~ S 
oO oO oO fan) Oo 3 


WwW 

fon) 
5D > 
wo 


5 





Address input after write 


tco(cL-E) E rise after CLK rise at counter-preset 


Port setup time before read 


tc (E-A) 


a =) 5 a) =) =) 3 5 S) 5 > SD 
ies] n n 16) ”n n 69) ” 7) 167) (03) wn w n ip) 


no 





nO 
Oo 
So 


-—-] on 
a; o 


tsu(PT-E) 





th (E-PT) Port hold time after read 


to(our 
tw out 
twiobkw 
: 
tf CLK input fall time 


tw (TRGH) Trigger event input high-level pulse width 


250 


125 


i?) 


N 
oO 


5 =) =) a) =) 
n i?) 10) v9) 


| 
ie) 


nN 
a 


—_ 
ho 
on 


20 ns 







4X to(eLk) ns 


=) 


ns 


4X tc(eLk) 


4X tock) s 






Trigger event input low-level pulse width 


5 
” 


tw(TRGL) 4X to(cLk 


* Ta=—40~85°C for M6M72561J-I 


? 
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AC WAVEFORMS 
READ OPERATION 


ta (g) 
2 2 | 
ta (ce) tor 
ce ae 


Ta (AD) 


ADs~AD1s Lf iN 


Do~Ai6,D1/A17 4 / 
| 
t7 


ALE 


ie 
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TIMING DIAGRAM 
1/0 PORT 


mi 


PORT 
OUTPUT 


Do/Ai6, Di/A17 


td(b-PT) 


i DATA 


PORT OUTPUT 
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Do Dy 
tsu(e-p) 
\ 
Tsu (w-b) 
td (E-pT) 
—E 
td(w-PT) 
R/W 
PORT ( PORT OUTPUT 
OUTPUT 
td (PT-D) 
cae 
th (E-PT) 
POR) PORT INPUT a, 
INPUT 
Do/A16,D1/A17 ( DATA 
D2a~D7 
MITSUBISHI 
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AC WAVEFORMS 


VIH 
ADDRESSES 
VIL 
Vin/ Von 
DATA 
Vit/VoL 
Vpp 
Vpp 
Vpp 
Vop +1 
VoD 
Vop 
VIH 
CE 
VIL 
Vio" 
E 
VIL 


FAST PROGRAMMING ALGORITHM 


FLOW CHART | 





PROGRAM VARIFY 


“oN 


DATA SET 


o_™ 


+ + 
< < 
9) ie) 


| 


Test conditions for A C. characteristics 
Input voltage Vy =045V, Vi = 24V 
Input rise and fail times < 20ns 
Reference voltage at time measurement Input 0 8V 


ADDR = FIRST LOCATION | and 2V Output 0 8V, and 2V 


! 


Vop =6.0V 
Vpp=12.5V 


X=0 


PROGRAM ONE PULSE OF 1ms 
X=X+1 
<> YES 
PROGR FAIL DEVICE 
AM/VERIFY Men pevice 







ONE BYTE 


PROGRAM PULSE OF 
3Xms DURATION 
INCREMENT ADDR LAST ADDR? 
YES 
Vpp=Vpp= *5.0V 


PASS 









VERIFY 
ALL BYTE 


FAIL DEVICE 
FAILED 
PASS 
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Table 1 Pseudo directives function list 





Table 2 Macro instructions function list 











Pseudo Macro 
directives Functions Pseudo directives instructions Functions Macro instructions 
classification classification 
Assembly * Declares data length INDEX .DATA System mac- | Repeats the processing operation in | .REPEATI .ENDM 
control ¢Declares data bank /| .DT. DP ro instructions | accordance with the number of argu- 
direct page register ments contained in the operand 
value Repeats the processing operation in| .REPEATC ~.ENDM 
* Conditional assemble AF (.ELSE) .ENDIF accordance with the number of char- 
includes file INCLUDE acters presented by the operand as 
* Equation .EQU arguments 
¢ Declares end of program {| .END Repeats the processing operation a| .REPEAT ~.ENDM 
¢ Out puts messages ASSERT specific number of times 
ages * Declares assemble error | ERROR User macro | Defines the macro instructions. -MACRO ~ ENDM 
Address ¢ Declares address .ORG instructions | Forces the termination of macro| .EXITM 
control * Allocates RAM area .BLKB .BLKW .BLKA .BLKD generation 
* Defines data BYTE .WORD .ADDR .DWORD Changes the labels used in the} LOCAL 
* Corrects location align- | .EVEN macro definitions into intra-macro 
ment local labels 
Linkage * Specifies section name | .SECTION 
control * Specifies global lavel| .DPEXT .DTEXT  .EXT 
name .PUB 
Specifies linkage file | .OBJ .LIB CONSTRUCTION : 
name The following shows the software construction of RASM77. 
* Specifies version VER 
Listing * Specifies new page and | .PAGE Relocatable macro Assemblies the assembly language source files for 
control title assembler RASM77 series MELSP 7700, and generates the relocat- 
* Specifies listing format | .COL .LINE able object files. 
(columns and rows Linkage editor LINK77 | Generates a machine language file in hexadecim- 
counts) al format from the plural relocatable files gener- 
* Specifies listing output / | .LIST .NLIST ated by RASM77. 
* Specifies macrogenera- | .LISTM .NLISTM LIB77 generated by RASM77 
tion line Hating output / Cross referencer Generates a cross refrence file from the assembly 
Suppression CRF77 language source files for series MELPS 7700 
C language | ° Outputs begining of line | CLINE The cross refrence file shows the points defined, 
source level | * Specifies function start / | .FUNC .ENDFUNC and refrenced the labels and symbols. 
debugging end File converter Generates a S format machine language file from 
support * Outputs language type | .LANGUAGE HEXTOS2 a hexadecimal format machine language file 
* Setting pointer length POINTER generated LINK77 
* Specifies source file | SOURCE 
name 
Subspriction | * Declares program name | .PROGNAME 
¢ Declares area name IO .ENDIO RAM ENDRAM 
* Declares module name | .PROCMAIN .PROCSUB ENVIRONMENT 
.PROCINT .ENDPROC RASM/77 operates in the following OS environments. 
@® MS-DOS 
@ SUN-3/SUN OS 
@ VAX/ULTRIX 
@ HP9000/HP-UX - 
Note 1 : MS-DOS is a registered trademark of Microsoft 
Corp. 
Note 2 : SUN-3 and SUN OS are registered trademarks of 
Sun Microsystems Corp. 
Note 3 : VAX and ULTRIX are registered trademarks of 
Digital Equipment Corp. 
Note 4 : HP9000 and HP-UX are registered trademarks of 
: _HEWLETT PACKARD Corp. 
ae 
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MELPS 7700 C COMPILER 





Software development flow for series MELPS 7700 


C language 
source file 






C77 


C compiler 






Assembly 
language 
source file 


RASM77 LIB/7 


MR7700 ena 2 
Real-time OS Relocatable 
object file 
Assembier LINK77 


Symbol file 
for debugging 

















Hexadecimal 
format file 


Software development flow by C77 


C language 
source file 


Assembly 
language 





CPP77 Preprocessor 

Processes the line 

remarked “#” at begin 
* Macro substitution 
* Includes file 


* Conditional line 
CC77 PS77 


Parser 

Compile driver Parses C language 
CPP77, PS77, CG77, 

RASM77, and LINK77 CG77 Code generator . 


and generates the 


Generates the code of MELPS 7700 
machine language file 


assembly language 


source file 





Fig. 1 C77 processing flow 
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MELPS 7700 SYMBOLIC DEBUGGER 








DESCRIPTION 

SDB77 is the series MELPS 7700 debugger control soft- 
ware prepared for the PC4816 system. SDB77 operates on 
a 16-bit personal computer that supports the MS-DOS en- 
vironment, and controls the PC4816 system through the RS- 
232C serial interface. 


DISTINCTIVE FEATURES 

SDB77 supports the following features: 

@ Support of the runtime debugging function that refers 

memory during execution of a program 

Support of various break point setting functions 

Support of various real-time trace control functions 

Support of the execution time measurement function 

Support of the C language source line display function 

Apply to every MCU in the series MELPS 7700 with the 

use of data files that contain particular data of individual 

MCU 

@ The initialization file automatically sets debugging start 
conditions. 

@ The batch command enables continuors execution of 
debugging commands. 

@ Debugging history can be recorded in the log file. 

@ Support of the debugging information definition file that 
automatically sets break points and trace points. 

@ Support of the online manual 


PC4816 


Personal computer 


Emulation pod 


(sold separately) 


Target system 





Fig. 1 MELPS 7700 debugger control system 
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MELPS 7700 REAL-TIME OS DEVELOPMENT KIT 





DESCRIPTION 

MR7700 is the real-time operating system developed for 
the 16-bit single-chip microcomputer MELPS 7700 series. 
MR7700KIT is the tool kit required to develop application 
software incorporating MR7700. ‘ 


DISTINCTIVE FEATURES 

@ Based on with PH ITRON specifications 

@ Real-time operating system intended for industrial in- 
corporation systems. | 

@ High speed processing 

@ Minimam size of'OS kernel by automatically selecting 
only necessary modules 

@ Application programs can be developed in C language 
by using C compiler C77, 


FUNCTIONS 
(1) Outline specifications of MR7700 
Table 1 shows outline specifications of MR7700. 


Tabie 1 Outline specifications of MR7700 


OS nucleus code size About 0 9K bytes to 5 8K bytes 
(standard model) 
Minimam 14 bytes and 9 bytes increased 
by each task 
Assembly 


Task switching time About 30us max 


Maximum interrupt inhibited |} About 11 ws to 24us 
time 















OS nucleus data size 


OS nucleus description 
language 
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The OS nucleus data size does not include stack size. 
Because the 16 bytes of task context (for standard model) 
is allocated on the stack, contexts of individual tasks are 
not included in the OS data size. 

Time data in the table is measured by M37700M2 (16MHz) 
at 0 wait memory access and 16-bit width. The task switch- 
ing time and maximum interrupt inhibited time are for a 
wup-tsk system call at priority number 1. 

(2) Kernel configuration for MR7700 

The MR7700 kernel consists of two module groups: One is 
the requiste module group that performs real-time proces- 
sing and multi-tasking, the other is the expansion function 
module group from which modules can be selected accord- 
ing to user applications. 

Figure 1 shows the module configuration of the MR7700 
kernel. The application program is prepared by the user, 
and is composed of tasks, an interrupt processing handler, 
a cycle execution handler, and an alarm handler. 


Application program 


Event flags |Semaphore| Mail box 


Interrupt 


processing | scheduling] Manage 
ment 


Scheduler 


MELPS 7700 series 





Fig. 1 MR7700 configuration 
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MR7700SRC 


MELPS 7700 REAL-TIME OS SOURCE KIT 





DESCRIPTION 

MR7700 is the real-time opearating system developed for 
the 16-bit one-chip microcomputer MELPS 7700 series. 
MR7700SRC is the mass production contract that authorries 
mass production of products incroporating MR7700. 


CONFIGURATION 

MR7700SRC consists of the followings elements: 

@ MR7700 source 

@ Mass production right (to incorporate MR7700 into an 
unlimited number of products of a single model) 


CONTRACT OUTLIVE 

MR/7700SRC is the license to manufacture a large quantity 
of products that incorporate MR7700. This license autho- 
rizes production of an unlimited number of products by five 
specified computer systems and five engineers in a single 
section. No royalties are charged nor report of output is re- 
quired. To carry out development by employing more en- 
gineers or more systems than specified, the user must ac- 
quire the right of use. 

MR7700SRC guarantees maintence (including software 
version up) of MR7700 for two years without payment. 


NOTES 

Purchase of MR7700KIT (development kit) is the prere- 

quiste to close contract MR7700SRC. 

@ MELPS is a registered trademark of Mitsubishi Electric 
Corp. 
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PC4000E 


DEBUGGING MACHINE 


PC4000E BLOCK DIAGRAM 


25pins Spins 


Sub 
Serial |/O 1/0 


O Bus Connector for 
SW1 Lo Expansion (2) 


O 
Control Port for 


RS232C I/O Option Board 
82C55 


81055 
Serial |/O 
8251A 


Baud Program Memory 


Rate JP 5165 
Clock 2167 ° 


Option Board for Single-chip 
Microcomputer 


Emulation Pod for 


| 
| 
| 
| 
MELPS 7700) | 


L 


100-pin Card Edge Connector 


or Expansion(1) Bus Control Gate 


Reset 
Switch 


pea eck Monitor CPU LED 
Circuit 80C85 Display 


l 
| 

| 

l 

| 

] 

| 

] 

| 

| 

| 

| (Common Board and 
| 

| 

| 

| 

| 

| 

l 
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Monitor User’s System 
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MELPS 7700 DEBUGGING MACHINE 





DESCRIPTION 

PC4816 is the high performance debugging machine for 
Mitsubishi original 16-bit microcomputers. . 
PC4816 executes debugging with a help of emulation pods 
connected to it. Various emulation pods are prepared for 
individual microcomputers and provided separately. 
PC4816 can be connected to a host machine with a per- 
sonal computer (hereafter, PC), and can be controlled by 
control software on the host machine. 

Because PC4816 supports simple I/O functions, it can be 
used as a stand-alone unit after down-load the user’s 
program. 


DISTINCTIVE FEATURES 

@® Runtime debugging function is supported. 

@ Program evaluation function is supported. 

@ Usable as a stand-alone unit. 

@ Evaluation functions can be enhanced by adding 
boards. 


Compact design requires less space on a desk. 


Fig. 1 The exterior of PC4816 





APPLICATIONS 


For development of hardware and software for systems us- 
ing MELPS 7700, and for program debugging. 





‘MITSUBISHI 


5—16 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


PC4816 


MELPS 7700 DEBUGGING MACHINE 





FUNCTIONS 

PC4816 consists of the following three kind products: 

@ PC4800 

This is the debugger that incorporates the power unit, inter- 
face with the host machine, key entry unit, LCD display 
unit, monitor CPU board, emulation board, and container 
rack. 

@ M37700T-CNT 

This is the emulation control board that consists of the MCU 
execution control circuit and program memory. 

@ PCA4800R 

This is the debugging function board that consists of the 
real-time tracer and coverage function circuit. 

PC4816 is used combined with emulation pods that are 
prepared for individual MCU and provided separately. 
PC4800 is connected to the host machine via a serial cir- 
cuit (RS-232C) . PC4816 is connected to the emulation 
board and the debugging function board via two 96-pin 
connectors. 


LCD & KEYS 


‘ 


When PC4816 is turned on, the monitor CPU is activated 

and the monitor programs stored in the EPROM on various 

boards in the rack are started. 

When the monitor programs are started, the start message 

is displayed on the LCD display unit on PC4816. Then the 

system waits for control instructions from debugger control 

software SDB77 on the host machine. 

When the debugger control software is started, the host 

machine requests details (board configuration, monitor 

program version number, etc. ) to be reported via the serial 

circuit. Acceptance of various debugging commands is en- 

abled after PC4816 returns the details correctly. 

@ Serial circuits : Complying with RS-232C, two circuits 

@ Parallel circuit : Complying with GP-IB 

@ Power supply : Power units applicable to 115V and 
220V systems 


@ Board rack : Five boards can be accommodated. 


RS-232C 1ch 
RS-232C 2ch 
GP-IB 


Monitor CPU board 


Reserved for option 
; Reserved for option j 


board (sold separately) 


Real-time trace board 


Emulation MCU contro! board 


Pod by each MCU 
(sold separately) 


Fig. 3 Functional block diagram 


PCA4800R 


M37700T-CNT 


AC power supply 
115V / 220V 
50 / 60Hz 


DC power 
module 
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iM BYTE MEMORY EXPANSION BOARD for PC4816 





DESCRIPTION 


PCA4800M is the emulation memory expansion board that 
is used incorporated in PC4816, the debugging machine for 
MELPS 7700. 

1M bytes of high speed SRAM, which can be distributed 
over areas of 16M bytes in units of 4K bytes in mounted. 


DISTINCTIVE FEATURES 


@ Applicable to 8 or 16-bit wide memory buses. 
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Fig. 1 The exterior of PCA4800M 
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M37700T -POD 


MELPS 7700 EMULATION POD(SINGLE-CHIP MODE,CORRESPOND to PC4000E) 





DESCRIPTION 

The M37700T-POD is an emulation pod constructs the op- 
tion board for single-chip mode of MELPS 7700 emulation 
common board M37700T-RTT. 

M37700T-POD is used with M37700T-RTT and PC4000E. 


DISTINCTIVE FEATURES 

@ Debugging functions can be used to connect with 
PC4000E, M37700T-RTT, and this pod. 

@ It can be corresponded to a system with 16MHz oscil- 
lator. 

@ The M37700T-POD can be connected by an attached 
flat cable with the users system. 

@ The M37700T-POD can be use an internal clock or an 
external oscillator. 


STRUCTURE 

The M37700T-POD consists of the following hardwares : 
1. Evaluation MCU (M37700SAFP) and related circuits. 
2. Gatearray for port emulation and related circuit. 


FUNCTIONS 

To connect the M37700T-RTT, the M37700T-POD con- 
structs the opion board for single-chip mode of M37700M2- 
XXXFP or M37700M2AXXXFP. 

The PC4000E debugging machine is controlled by the 
monitor program ROM on the M37700T-RTT, and the eva- 
luation MCU (M37700SAFP) mounted on the M37700T- 
POD executes the program stored in the program RAM on 
the M37700T-RTT. 

Single-step execution, execution with break points, and 
reading of internal status with the evaluation MCU halted 
are performed under the control of the monitor CPU on the 
PC40Q00E. 





SPECIFICATIONS 


Corresponded M37700M2-XXXFP 

microcomputer M37700M2AXXX FP 
M37700M4-XXXFP 
M37700M4AXXX FP 
M37701M2-XXXSP 
M37701M2AXXXSP 
M37701M4-XXXSP 
M37701M4AXXXSP 
M37704M2-XXXFP* 
M37704M2AXXX FP* 


M37705M2-XXXSP* 


M37705M2AXXXSP* 


Corresponded mode | Single-chip mode 


Clock frequency 16MHz (on board) 
External oscillator 16MHz (max) 
Common emulation M37700T-RTT 


board 
Power supply 








PC4000P usable 


Connection with Connected by the attached cable 


user system 


* Be necessary to order exchanging the evaluation MCU 
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MELPS 7700 HIGH LEVEL EMULATION POD(CORRESPOND to PC4816) 





DESCRIPTION 

The M37700T-HPD is a high level pod for MELPS 7700 is 
an emulation pod which enables debugging system 
PC4816. It can be used as an emulator corresponding to 
M37700 and M37701 by conection with M37700T-CNT 
built-in PC4816. 


DISTINCTIVE FEATURES 

@ The electrical characteristics of the direct ports is ex- 
cellent because of the distance between the emulation 
MCU and the users system is short. 

@ The whole processor mode that single-chip mode, mic- 
roprocessor mode and memory expansion mode can be 
corresponded alone. 

@® Compact pod 


STRUCTURE 

M37700T-HPD consists of the following hardware. 
(1) Evaluation MCU (M37700SAFP-A) 

(2) Clock oscillation compact board 

(3) Port emulation circuit 

(4) 1/O buffer 


Fig. 1 The exterior of M37700T-HPD 


SPECIFICATIONS 


ae De 


Corresponding con- | M37700T-CNT 
trol board 





























Corresponding MCU 
mode 


Single-chip mode 

(2) Memory expansion mode of 8 and 16-bit bus 
width 

(3) Microprosessor mode of 8 and 16-bit bus width 

5 iV] + 5 [%] 












Supply voltage 
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DESCRIPTION SPECIFICATIONS 


The M37704T-HPD is a high level pod for MELPS 7700 is [item =—sid|sSsstst*~*~‘s*‘~s*~*~*~*snteets «6S SS~*Y 
eh Gruso es calle male ain oe 


PC4816. It can be used as an emulator corresponding to Corresponding MCU | M37704, M37705 


M37704 and M37705 by conection with M37700T-CNT 


built-in PC 4816. Corresponding con- | M37700T-CNT 
trol board \ 


Corresponding MCU | (1) Single-chip mode 

mode (2) Memory expansion mode of 8 and 16-bit bus 
width 

(3) Microprosessor mode of 8 and 16-bit bus width 


Supply voltage 5 (V] + 5 [%] 















DISTINCTIVE FEATURES 

@ The electrical characteristics of the direct ports is ex- 
cellent because of the distance between the emulation 
MCU and the users system is short. 

@ The whole processor mode that single-chip mode, mic- 
roprocessor mode and memory expansion mode can be 
corresponded alone. 

@ Compact pod 









STRUCTURE 

M37704T-HPD consists of the following hardware. 
(1) Evaluation MCU (M37705ASP) 

(2) Clock oscillation compact board 

(3) Port emulation circuit 

(4) 1/O buffer 


Y‘ABS dud-Lao.zeny 


be shohsssionddeduade mashdoan toanean mone ebonind 





Fig. 1 The exterior of M37704T-HPD 
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MELPS 7700 HIGH LEVEL EMULATION POD(CORRESPOND to PC4816) 





DESCRIPTION 

The M37795T-HPD is a high level pod for MELPS 7700 is 
an emulation pod which enables debugging system 
PC4816. It can be used as an emulator corresponding to 
M37795SJ_ by conection with M37795T-CNT built-in 
PC4816. 


DISTINCTIVE FEATURES 

@ The electrical characteristics of the direct ports is ex- 
cellent because of the distance between the emulation 
MCU and the users system is short. 

@ Compact pod 


STRUCTURE 

M37795T-HPD consists of the following hardware. 
(1) Evaluation MCU (M37795SJ) 

(2) Clock oscillation compact board 

(3) Port emulation circuit 

(4) I/O buffer 


OAR Gud-LOOLZEny 


Fig. 1 The exterior of M37795T-HPD 





SPECIFICATIONS 


Debugger PC4816 
Corresponding MCU | M37795SJ 














Corresponding con- | M37700T-CNT 

trot board ; 

Corresponding MCU | Microprosessor mode of 8 and 16-bit bus width 
mode 


Supply voltage 5 [V] + 5 [%] 
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PCA4707 


PROGRAM WRITING ADAPTER for ONE TIME PROM VERSION MICROCOMPUTERS 





DESCRIPTION SPECIFICATIONS 
The PCA4707 is an adapter writing the program into the a 


EPROM version microcomputer M37700E2-XXXFP, Gofresnond M37700E2-XXXFP 
M37700E2AXXXFP, M37700E4-XXXFP, or M37700E4AXXXFP. microcomputer M37700E2AXXXFP 
It can be used the PROM writer (correspond to M5M27C2- M37700E4-XXXFP 


56K) on the market to write the program through the M37700E4AXXXEFP 
PCA4707. Clock frequency 8MHz (ceramic oscillator on the PCA4707) 


Power supply Supplied from PROM writer 


Specification of (1) Be able to write to M5M27C256K, or the other 

PROM writer EPROM equal 

(2) Be able to write, to compare check, and erace 
check with designating the area 

(3) Be able to supply the current about 10mA from 

the source (5V line) to external. 






























STRUCTURE . 
The PCA4707 is consisted of two printed circuit boards 


named PCA4707 and PCA4701B. 

PCA4707 The EPROM version microcomputer is mount- 
ed on this board. 
The PCA4707 has a 80-pin IC socket to mount 
the EPROM version microcomputer, and a dual 
in line socket to connect with the PCA4701B. 

PCA4701B The PCA4701B has two dual in line connecter. 
One of them is used connecting with the 
PROM writer, and anoter one is used connect- 
ing with the PCA4707. 







NOTE 


Some kind of PROM writer cannot write the program on the 
EPROM version microcomputer through the PCA4707. 


An example to attach the PCA4707 on the PROM writer 
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PCA4709 


PROGRAM WRITING ADAPTER for PROM VERSION MICROCOMPUTERS 





DESCRIPTION 

The PCA4709 is an adapter writing the program into the 
EPROM version microcomputer M37701E2-XXXSP, 
M37701E2AXXXSP, M37701E4-XXXSP, M37701E4AXXXSP, 
M37705E2-XXXSP, M37705E2AXXXSP, M37705E2SS, or 
M37705E2ASS. 

It can be used the PROM writer (correspond to M5M27C2- 
56K) on the market to write the program through the 
PCA4709. 


STRUCTURE 

The PCA4709 is consisted of two printed circuit boards 

named PCA4709 and PCA4740B. 

PCA4709 The EPROM version microcomputer is mount- 
ed on this board. 
The PCA4709 has a 64-pin shrink DIP type IC 
socket to mount the EPROM version micro- 
computer, and a dual in line socket to connect 
with the PCA4740B. 

PCA4740B The PCA4740B has two dual in line connecter. 
One of them is used connecting with the 
PROM writer, and anoter one is used connect- 
ing with the PCA4709. 


NOTE 


Some kind of PROM writer cannot write the program on the 
EPROM version microcomputer through the PCA4709. 


An example to attach the PCA4709 on the PROM writer 
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SPECIFICATIONS 
[tem ——Speicaion Sd 


Correspond M37701E2-XXXSP, M37701E2AXXXSP 

microcomputer M37701E4-XXXSP, M37701E4AXXXSP 

M37705E2-XXXSP, M37705E2AXXXSP 
M37705E2SS, M37705E2ASS 


Clock frequency 8MHz (ceramic oscillator on the PCA4709) 
Power supply Supplied from PROM writer 


Be able to write to M5M27C256K, or the other 
EPROM equal 

Be able to write, to compare check, and erace 
check with designating the area. 

Be able to supply the current about 10mA from 
the source (5V line) to external. 


Specification of 
PROM writer 
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PCA4780 


PITCH CONVERTER for 80-PIN FLAT PACKAGE 





DESCRIPTION 

The PCA4780 is a pitch converter for 80-pin flat package 
connect the printed circuit pattern of the system mounted 
the 80-pin flat package single-chip microcomputer and that 
option board or evaluation board. 


DISTINCTIVE FEATURES 

@ The PCA4780 can be used for an in circuit emulation 
probe to debug the system mounted the 80-pin flat 
package microcomputer. , 

@ The PCA4780 can be converted the 40-pin, 1 inch dual 
in line pitch to 80-pin 0.8mm flat package pitch. , 


CONFIGURATION 

The PCA4780 is structured following two parts 

(1) FLAT80: The printed circuit flexible board 
The FLAT80 has the 80-pin (0.8mm pitch) 
flat package pattern to attach the CUBE80 
and two 40-pin connecters to connect the 
attachment cables of the option board or 
evaluation board, and these are connected 
one-to-one. 

(2) CUBE80 : An electrode for flat package pattern 
The CUBE80 has two electrodes formed 
same as the 80-pin (0.8mm pitch) flat pack- 
age microcomputer. 
One of that is connected with the user sys- 
tem, and another is connected with the 
FLATS80. 
It is necessary soldering to connect there. 


ATTACHMENT 

PCA4780 is attached the following process: 

(1) One of the electrodes of the CUBE80 is soldered with 
the user system, and the another is soldered with the 
FLATS80. 

(2) The FLAT80 is connected to the option board or the 
evaluation board by the attachment cables. 

(3) The GND electrode of the FLAT80 is connected with 
the GND electrode of the option board or the evalua- 

. tion board. 







SPECIFICATIONS 
| tem | Specification 


Correspond package | 80-pin flat package (pins interval 0.8mm) 
TYPE 80P6 

CUBE80 : Electrodes for the flat package 
FLATS80 : The pitch converter 


Connection CUBE80: The FLAT80 and the user system by 


solder 
FLAT80: Two 40-pin dual in tine connecters and 





cables 
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MITSUBISHI MICROCOMPUTERS 


PCA77/80G02 


PITCH CONVERTOR for 80-PIN FLAT PACKAGE 


DESCRIPTION 
PCA7780G02 is a pitch convertor for 80-pin flat package to 
connect the mounting pattarn of the system mounted 80-pin 
flat package type single-chip microcomputer to the option 
boards, evaluation boards, and so on. 

It can be connected to mounted evaluation microcomputer 
or the emulator by mounting the 80LCC IC socket to the 
foot pattern of 80-pin flat package on the terget system. 


isla FEATURES 
It can be used as incircuit emulation probe to debug 
the system mounted 80-pin flat package type micro- 
computer. 

@ It can be converted the pattern that has 80-pin two line 
half pitch dual-in-line to the pattern of 80-pin flat pack- 
age (0.8mm pitch). 


The following boards and IC socket are needed to use 
PCA7780G02. 
(1) Using series MELPS 7700(M377XxX) 
PCA7781 : Pitch convertor 
(2) Using M37450 family 
PCA7782 : Pitch convertor 
(3) 80LCC socket 
@ Surface mounting type 1C61-0804-034 
(Yamaichi electric industory corporation. ) 
@ Manual solderable type 80LCC-046 (refer to figure 1) 
(Mitsubishi electric corporation) 


INDEX-1 location 


12.00. 1 
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Fig. 1 80LCC-046 pattarn 





FUNCTIONS 

The process of PCA7780G02 connecting as following. 

(1) Soldering the 80-pin LCC socket to the terget system. 

(2) Connect the PCA7780G02 and PCA7781 or PCA7782 to 
the flat cable of the option board. 

(3) Connect the PCA7780G02 to the 80-pin LCC socket . 

(4) Connect the GND pin of PCA7781 or PCA7782 to the 
GND line of the option board. 


SPECIFICATION 


Correspond MCU 80-pin flat package (0.8mm pitch) 
Type name is 80P6. 


NOTE 

The mounting pattern of 80QFP must be designed larger 
than normally to correspond to the packages 80P6, 80P6N, 
and two types 80LCC socket (refer Figure 2). 






: wo. «a> Connect to 
3 debugger 


PCA7780G02 ~ | 


To user’s system 


———» 1C61-0804-034 or 80LCC-046 





Fig. 2 PCA7780G02 appearances 
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SERIES: MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH00—92A< 74B0 > 





















Issuance 
signatures 


Mask ROM number Ee 
SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number 
Date ' , 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
(1) Set “FF1,” in the shaded area. 
C] 27256 L] 27512 (2) Address Ojg to 10; are the area for storing the 
Details for option data are given next in the sec- 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37700M2-XXXFP 
Note : Please fill in all items marked 
*x 1. Confirmation 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
tained in the EPROMs submitted. 
data on model designation and options. This area 
tion describing the STP instruction option. 


MITSUBISHI ELECTRIC MO ee a 
Section h Ss j 
. 
R ib! ' 
Company TEL 
name ( ) 
* | Customer 
Specify the name of the product being ordered and the type of EPROMs submitted. 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
Checksum code for entire EPROM areas rt tf] (hexadecimal notation) 
EPROM Type: 
must be written with the data shown below. 
Address and data are written in hexadecimal 








notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





Xx 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. ; 


L] STP instruction enable Address 1046 
[] STP instruction disable Address 1016 


* 3. Mark specification . | 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 


appropriate Mark Specification Form (80P6 for M37700M2-XXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 
* 4. Comments 





= MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH01—33A< 81A0 > 


SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37700M4-XXXFP FT 


MITSUBISHI ELECTRIC ; 


Note : Please fill in all items marked 


Company Supervisor 
e a 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMS are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 

based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 

we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 

tained in the EPROMs submitted. 


Checksum code for entire EPROM areas f | [| [| (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 
[] 27512 (2) Address 01g to 10;, are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


8 [Option data} 10 












* | Customer 


issuance 
signatures 


Date 


issued 


1. Confirmation 


EPROM Type : 





“NID OF PWD — © 
™M™OUQOWY © 


Xx 2. STP instruction option 
_ One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[1] STP instruction enable Address 104¢ 
C1 STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (80P6 for M37700M4-XXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

*x 4. Comments 
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SERIES MELPS 7700 MASK. ROM 
ORDERING METHOD 
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* | Customer 


SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM LMSROMmumber| 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37701M2-XXXSP 
MITSUBISHI ELECTRIC 












Section head! Supervisor 
signature signature 


Note : Please fill in all items marked 


Responsible 
Company officer 
name 


Supervisor 








Issuance 
signatures 


Date 


issued 


x 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 
Checksum code for entire EPROM areas f | 7 [ (hexadecimal notation) 
EPROM Type : 7 





L] 27256 LJ] 27512 


(1) Set “FF,,.” in the shaded area. 

(2) Address 01g to 10;5 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 

















notation. 
Address __ Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
é . : 7 F 
* 2. STP instruction option 
One of the following sets of data should be written to the option data address (10,¢) of the EPROM you have 
ordered. Check @ in the appropriate box. 
L] STP instruction enable Address 1016 
L] STP instruction disable Address 1016 
* 3. Mark specification . 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (64P4B for M37701M2-XXXSP) and attach to the Mask ne Order Con- 
firmation Form. 
* 4. Comments 
6—8 MITSUBISHI 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


: . SERIES MELPS 7700 MASK ROM 
. oe ORDERING METHOD 





GZZ—SH02—01A< 8ZA0 > 


SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 
SINGLE-CHIP 16-BIT MICROCOMPUTER M37701M4-XXXSP : a 


MITSUBISHI ELECTRIC = 
signature signature 


Note : Please fill in all items marked 


Cc ompany officer p 
name ( ) 
* | Customer 





















” 

5 2 

ae 

3 «8 

Date , ; @ D 
issued Date . ” 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
‘tained in the EPROMs submitted. 


. Checksum code for entire EPROM areas 1 | | | (hexadecimal notation) 


EPROM Type : 
(1) Set “FF,” in the shaded area. 


~ C1 27512 (2) Address 046 to 10;, are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 





notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (104.6) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1046 
[] STP instruction disable Address 1016 


x 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (64P4B for M37701M4-XXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 
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SERIES MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH01—75A< 8ZA0 > 





SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER M37704M2-XXXFP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 








Note : Please fill in all items marked°x 






Responsible ‘ 
Supervisor 













TEL 
Company 
name ( 


| 3 ¢ 
* | Customer c = 
2 & 
Date ‘ a” Oo 
; 
* 1. Confirmation — 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based'on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. | 
Checksum code for entire EPROM areas | [| (hexadecimal notation) 
EPROM Type : 


(1) Set “FF,,” in the shaded area. 


L] 27256 L] 27512 (2) Address 046 to 10;g are the area for storing the 





data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 

















notation. 
Address Address Address 
0 8 10 
1 9 
2 A , 
3 B 
4 C 
<) D 
6 E 
ae , ; ; 7 F 
*X 2. STP instruction option 
One of the following sets of data should be written to the option data address (10,6) of the EPROM you have 
ordered. Check @ in the appropriate box. 
L] STP instruction enable Address 1016 
1 STP instruction disable Address 1046 
*X 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (80P6N for M37704M2-XXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 
* 4. Comments 
6—12- MITSUBISHI 
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SERIES MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SHO01—81A< 8ZA0 > 


SERIES MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 


ate : 
MITSUBISHI ELECTRIC Section isa q] Supercar 





Note : Please fill in all items marked>X 


Smee re 
upervisor 
Company officer P 






Issuance 
signatures 


name 
* | Customer 
Date , 
issued ; 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | tt (hexadecimal notation) 
EPROM Type : 
(1) Set “FF,” in the shaded area. 
L] 27256 LJ 27512 (2) Address Oi¢ to 10,g are the area for storing the 


data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 





notation. 
Address Address Address 
0 8 [Option data| 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





x 2. STP instruction option 
One of the following sets of data should be written to the option data address (1046) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1016 
[1 STP instruction disable | 0046 | Address 1046 
*x 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (64P4B for M37705M2-XXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 
*x 4. Comments 
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PROM ORDERING METHOD 


Mitsubishi Electric corp. accepts order to transfer EPROM - 


supplied program data into the one time PROMs in single- 
chip 16-bit microcomputers. When placing such order, 
please submit the information described below. 


1. Writing to PROM Order Confirmation Form::::::----- 1 set 
(There is a specific form to be used for each model.) 
2. Data to be written into PROM built in--:-------:--- EPROM 


(Please provide three sets containing the identical 
data.) 
3 . Mark Specification Form SERENE RE I Oe RE Ce 1 set 


NOTES 

(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Writing to PROM Order Confirmation Form 
may be used. 


Example : Label 









‘Type | 


SERIES 


From customer 


Confirmatio 
form 


EPROM 
Object (3 sets) 
program 


generation 


6—16 


Identification 
code foreach tion. 
of three sets 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM 
ORDERING METHOD 


(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 


| (3) Calculation and indication of check sum code 


Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the check sum code field of the Writing 
to PROM Order Confirmation Form. 
(4) Marking specification method 

The permissible marking specifications differ depend- 
ing on the shape of package. Please fill out the Mark- 
ing Specification Form and attach it to the Writing to 
PROM Order Confirmation Form. 


OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce Writing to PROM if at 
least two of the three EPROM sets submitted contain iden- 
tical data. 

If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce Writing to 
PROMs that contain data other than the data correctly pro- 
vided by the customer. 

The chart below shows the flow of one time PROM produc- 


MELPS 7700 ONE TIME PROM DEVELOPMENT CAD SYSTEM 


t 
‘ 


Mitsubishi Electric corp. 


ROM code 
list 


@ Writing to 
PRO 


@ Final test 
‘| @Screening 
@ QA test 
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SERIES MELPS 7700 PROM 
ORDERING METHOD 





GZZ—SH01—57A< 84A0 > 


ROM number 


SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER | 
M37700E2AXXXFP 
MITSUBISHI ELECTRIC | 





Responsible : 
Supervisor 


Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. . 


Checksum code for entire EPROM areas rt i [ (hexadecimal notation) 
EPROM Type : 
(1) Set “FF4,” in the shaded area. 
L] 27256 [] 27512 (2) Address 016 to OFi¢ are the area for storing the 


data on mode! designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 


Address Address 


Issuance 
signatures 








T™M™MOOUQOWDYOO® 





SIO oF B WD — © 








2. Mark specification | 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (80P6 for M37700E2AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 
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SERIES MELPS 7700 PROM 
ORDERING METHOD 





GZZ—SH01—36A< 81A0> 
SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37700E4AXXXFP eras 


MITSUBISHI ELECTRIC 








Note : Please fill in all items marked 


Com pany officer p 
name ( ) 













” 
@ 
2 5 
* | Customer S = 
” Cc 
Date n 2 
issued 


*K 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas ri | [4 (hexadecimal notation) 
(1) Set “FF,” in the shaded area. 
LJ] 27512 


(2) Address 01, to OF;¢ are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 


EPROM Type: 








m™MOUQOWY oOo 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (80P6 for M87700E4AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 
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ORDERING METHOD 
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SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER : 


M37701E2AXXXSP 
Section head; Supervisor 
MITSUBISHI ELECTRIC = [Sanature 





Note : Please fill in all items marked 


oficer 
é; upervisor 
Company officer p 






issuance 
signatures 


name : 
* | Customer 
Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas ft tf ‘(hexadecimal notation) 
EPROM Type : 
(1) Set “FF,,” in the shaded area. 
[| 27256 LJ] 27512 (2) Address 016 to OF; are the area for storing the 


data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 


Address Address 





NOORWDMH—O 
T™MMOUQOWYwOO 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (64P4B for M37701E2AXXXSP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 
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SERIES MELPS 7700 PROM 
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SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37701E4AXXXSP 


MITSUBISHI ELECTRIC ; ae 


Note : Please fill in all items marked 


Responsible : 
Supervisor 


Company 
name 
* | Customer 
Date : 
issued , 


Xx 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas Ce hel (hexadecimal notation) 
(1) Set “FF,,” in the shaded area. 
CL] 27512 











Issuance 
signatures 


EPROM Type: 


(2) Address 0,5 to OFig are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 








NOOR WD © 





2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (64P4B for M37701E4AXXXSP) and attach to the Writing to PROM Order 
Confirmation Form. 

x 3. Comments 
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SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 


MITSUBISHI ELECTRIC 












t 


ip 








Note : Please fill in all items marked: 


Responsible : 
Supervisor 


Issuance 
signatures 


Date ; 
' issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas r | { {4 (hexadecimal notation) 
EPROM Type : 
(1) Set “FF,,” in the shaded area. 
L] 27256 L] 27512 | (2) Address 015 to OFig are the area for storing the 


data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 


Address Address 








NOOR WNH—O 
m™M7OOW SY oOc 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (80P6N for M387704E2AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

x 3. Comments 





— MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


oO SERIES MELPS 7700 PROM 
: | ORDERING METHOD 





GZZ—SH01—80A< 8ZA0 > 


SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | RoMnumber | 


SINGLE-CHIP 16-BIT MICROCOMPUTER } 
M37705E2AXXXSP en 


| Section head| Supervisor 
MITSUBISHI ELECTRIC 





Note : Please fill in all items marked 


Responsible ; 
officer Supervisor 






Issuance 
signatures 


Company 
name 
* | Customer 
Date F 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas (hexadecimal notation) 
EPROM Type : 
(1) Set “FF,” in the shaded area. 
L] 27256 L] 27512 (2) Address 016 to OFig are the area for storing the 


data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 


Address Address 





~S! Om BR WN — © 
™MOQOQOWDPYOOD 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (64P4B for M37705E2AXXXSP) and attach to the Writing'to PROM Order 

‘ Confirmation Form. | 

Xx 3. Comments 





6—28 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


SERIES MELPS 7700 PROM 
ORDERING METHOD 





GZZ—SH02—87A< 9XA0 > 


SERIES MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37796E4T XXXJ._ 
MITSUBISHI ELECTRIC 





: Please fill in all items marked 


Responsible ; 
Supervisor 


~ | Company 
name 
* | Customer 
Date . : 
issued : 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are- required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas rok ws (hexadecimal notation) 


: (1) Set “FF,,” in the shaded area. 

[J] 27512 (2) Address 046 to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 






Issuance 
signatures 


EPROM Type : 





notation. 
Address Address 
0 8 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate Mark Specification Form (84P0 for M37796E4TXXXJ) and attach to the Writing to PROM Order 
Confirmation Form. 

x 3. Comments 





a MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Please ss one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 


A. Standard Mitsubishi Mark 
@ NONKNNnHOnOnnN ANNAN nAAANNaN 3 


Mitsubishi product number 
(6-digit) 


-~~--— Mitsubishi IC catalog name 





QD WOT TTO TTO T L TTTT 2 


B. Customer’ s Parts Number + Mitsubishi IC Catalog Name 


@ NnnnnnaAnnnnn ~Customer’ s Parts Number 
NALA AAALAC AC AAA AAA Arh’ | Note : The fonts and size of 
| characters are standard 


Mitsubishi type. 


— — —Mitsubishi IC catalog name 


Mitsubishi product number 
(6-digit) 


@ VOU OUT 6) 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer’ s parts number can be up to 19 alphanumeric characters for capital letters, hyphens, commas, periods and 
SO on. 
4: If the Mitsubishi logo .& is not required, check the box on the right. 
a#. Mitsubishi logo is not required 


[| 


C. Special Mark Required 





® WUD 82 


Note1 : If special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will be dupli- 
cated technically as close as possible. Mitsubishi product number (6-digit) and Mask ROM number (3-digit) are al- 
ways marked for sorting the products. 

2:If special character fonts (e. g., customer's trade mark logo) must be used in special mark, check the box on the 
right. 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
; Special character fonts required 


| 





rer ' MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





84P0 (84-PIN PLCC) MARK SPECIFICATION FORM 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 


A. Standard Mitsubishi Mark 
cD) Oe @® 


4 


SSS See Mitsubishi IC catalog name 


-——- Customer's Parts Number | 
wince Note : The fonts and size of characters are standard Mitsu- 
bishi type. 


sae amas aaa Mitsubishi IC catalog name 


‘Note1 : The mark field should be written right aligned. 

2: The fonts and size of characters are standard Mitsu- 
bishi type. 

3: Customer's parts number can be up to 16 alpha- 
numeric characters for capital letters, hyphens, 
commas, periods and so on. 

4:lf the Mitsubishi logo & is not required, check the 
box below. | 

a Mitsubishi logo is not required 


[| 


Note1 : !f Special Mark is to be printed, indicate the de- 
sired layout of the mark in the left figure. The layout 
will be duplicated technically as close as possible. 
Mitsubishi product number (6-digit) and Mask ROM 
number (3-digit) are always marked. 

2:If special character fonts (e.g., customer's trade 
mark logo) must be used in special mark, check 
the box below. 
For the new special character fonts a clean font ori- 
ginal (ideally logo drawing) must be submitted. 


Special character fonts required 


| 
f 
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